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MEMS+® 6.0 Highlig o4 2

% Technology-defined Component Library — Reduces design errors
User-defined constraints on components
= Enables MEMS Process Design Kits (MPDKSs)

@2 Hierarchical design entry — Faster prototyping
Import Sub-schematics
Faster prototyping

New Library Components — More modeling flexibility
Gap models
Stack plates
& Fillet plates

& Improved ROM Export — Simplified and more accurate
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Performance and Ease-of-Use Improvements
* Improved package import visualization

* Faster schematic loading

* Zip export to package all files

* Expanded Matlab scripting interface
— All MEMS+ documents (mpd, proc etc.) can be handled
— Improved scripting syntax
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Component Library | | WI

i MaterialDataBase £ ProcessEditor % ComponentLibrary == Innovator 231 Simulator

Customize generic components
to enforce process constraints
and design rules

Export protected MPDK, which
ensures the constraints are
respected while creating 3D
models

Component Library/
PDK Demo
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SubSchematic Import

Use hierarchy to simplify design
entry

* SubSchematics are just separate
MEMS+ schematics

* Changes in the SubSchematic
propagate to the master schematic

| |
Suspension SubSchematics

Mass

Enables rapid testing of
design/modeling permutations

> SubSchematic
Demo

|'EE SubSchematic
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New Stack Compone SOV ENTOLR

Model piezo-electric layers MEMS+ 5 MEMS+ 6 with stack
easily sectioned model components
* Create composite structures DoF =203 DoF = 46
with layer-wise independent 8

geometry

* Stacks do not require
additional mechanical DoF’s

Stack Components
Demo

4 Piezo Model -|

4 Piezo Model

Reference: US20120192649

[Piezoelectric Layer : default 'I
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http://www.google.com/patents/US20120192649

4 [Gap Models : Squeezed Film, Contact/Electrode ~ |B

> Squeezed Film
> Contact/Electrode

User selected physics in gap

* Squeezed film (SF) and/or
Contact/Electrode

* Requirement of contact/electrode
for SFD modeling is eliminated

Construct arbitrarily shaped gaps
Older SFD/Electrode models auto-updated
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Corner Fillet

Flexible fillet components
* Concave and Convex forms

* Enables more realistic modeling
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Enhanced Matlab Interface

Script everything! Create and manipulate all MEMS+
documents including 3D-schematics via Matlab scripting

Open any MEMS+

' h = cov.memsplus.Schematic('Gyroscope prebuilt.mlib')|
= document

h.Variables.add('Variable')
h.Variables.Variablel.rename ('FlateSizeX')
h.Variables.PlateSizeX.Properties.Value = 100;

4 ab Variables
<l Pressure 101325

h.Variables.add('Variable') - T 2732.15
h.Variables.Variablel.rename ('PlateSizeY') s PlateSizeX 100
h.Variables.PFlate3izeY.Properties.Value = 100; s PlateSizeY 100

Create variables

h.Components.add('Beam')

Beaml = h.Components.Beam;

Eeaml .Properties.Layers = {'poly'};
Beaml.Properties.Pozsition.Endl.x = -50;
Beaml.Prnpertiesansitinn.EndE.x = -150;
Eeaml .Properties.Width = 35;
Beaml.Properties.Facelype.Endl = '"Fixed':

h.applyWizardActions
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Scripting interface follows the same structural hierarchy as the Simulator Plug-in Ul

Slmulator Plug-in process flow

Add
Copy
Cut
Paste
k Run
m  Stop
X Delete
ale Rename
) (et Info
Properties...

¥ % DC1 Properties
»o Name Value Units

Ctrl+C 4l Fxposed Connectors Valued

Ctrl+X ActuationElectrode —v-ﬂ inherited

Ctrl+V LxLine irnherited
Ti h 3

Alt+P ip _ !_nhen_ted

AltsL UxLine inherited
Beam_Tip_z irtherited

— Beam_Tip_ry inherited

F2 / [ DC Solver Settings

Sl Save All Iterations [

Ctrl+W |

S

Corresponding Matlab construct

<DC_Analysis Objectﬂ Properties|.

ExposedConnectorsValues|.

ActuatlonElectrode

= Kargument>

Built in Code Updater for upgrading the existing scripts
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Enhanced ROM |

Simulink and Verilog-A m‘?

. .y - odelExpol roperties l=‘||§|| 28 |
Non-linearities are now captured @ v, I
analytically and not interpolated ’:gpd B s
* Electrical non-linearities PIDC Solver Setings
. . . Export to Format _-MEHH
* Non-linear inertial forces 4 Model Reduction
(Coriolis,|Euler and centrifugal) | New! Bl e scilings
4 Preserved Modes
® MUCh S|mpl|f|ed Usage 4 Mode to Preserve
Target Freguency 1 Hz ~
ROMs include package effects Q Factor Inherited
* Optionally, expose mechanical pins
as Force and/or Displacement MEMS+ 6.0
inputs in Verilog-A
’ Gyroscope ok ][ concel | [ ppl
Demo
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Efficient nonlinear Simulink model of MEMS gyroscopes generated with a novel model order reduction method,

A. Parent et al. Transducers 2015.
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Drive mode

Rx sense mode

Rz sense mode

Ry sense mode




Murata 3-AXis

Gyro Example

ROM Export and Simulation Setup

[# Tran_3Axis Properties ‘ = |E| X |

Name Expression Units

4 Exposed Connectors DC Values

CMF 0
Drive 7.5 DriveSignal
PS1 7.5 MV_CMF Capa_PS1
i 75 »V_Drive Drive_cap
SX1 7.5 Capa_PS2
»{V_PS1 -
SX2 75 |
V_Psz2
sv1 75 : | : I Capa_st1
SY2 75 »V_SX1
Sense_avx
SZ1 75 > V_SX2 Capa_SX2
SZ2 7.5 V_sY1
i pdjuste dBeamWidthAndBumperHeight_For_Full Gyro Tran_3Ax}
> DC Solver Settings »v sv2 Caps, &1 "
. »V_S71
4 Model Reduction Sense_avy
v sz2 Capa_8Y2

1> Modal Solver Settings

4 Preserved Modes | avx Output

4 Mode to Preserve » avy Capa_S21

Target Frequency DriveFrequency Hz ~ avz Sense_avz

Q Factor Capa_S22
4 Mode to Preserve Gmms

Target Frequency SensehFrequenw@ i

Q Factar D
4 Mode to Preserve

Target Frequency SensekFrequenw@ >

Q Factor
4 Mode to Preserve

Inputs.

Target Frequency SenseRyFrequency Hz -
Q Factor

ROM in Simulink

Lo [ e [

ROM Setup
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Release Schedu S .
and Supported Platforms | WI

MEMS+ 6.0 Beta now available

* Expected release: Early October 2015

° Previous schematics and scripts will be auto-updated

* Supported OS (64-bit only) — Windows 7,8 and RHELS5, 6
° Matlab & Simulink version 2015a or higher required
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