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Sandia MEMS Design Tools Overview el

 Why do we need Design Tools?

« The MEMS Design Process Flow
e Analysis Capabilities

« 2D Process Visualizer

« MEMS 3D Modeler

« MEMS Design Rule Checker
e Standard Component Library
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Design
Why do we need specialized MEMS Design Tools?

difficult-to-visualize
2-D mask layers

+ [l
Fabrication process systems with complex
Intro to Tools Shapes @ Sandia
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MEMS Design Process Flow o

ANSYS
Analysis

\

Prototype File

> AutoCAD Layout

3D Modeler

Standard
Components
7 Design
2D Process 3 Rule
\isualizer Checking
Fabrication Final
S s Product
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Current Capabilities

« System Level simulation (Spice)

Optimization (Matlab)

Design synthesis (Sugar)

Electrostatics (Ansys)

Rigid Body Dynamics (Ansys)

Thermal (Ansys)
« Structural (Ansys)
» Coupled Structural Electrostatics (Ansys)

» Coupled Structural Thermal Electrical
(Ansys)

» Squeeze film damping (Ansys)
 Fluid Dynamics (CFDRC, Ansys CFX)
* Magnetostatics (CFDRC)
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MEMS Design Tools Summary For AutoCAD W),
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Design Rule Checker

— Text Generator
Gear Generator
‘/Trace Generator

—— Design Difference Tool
Safe Explode Utility
Online Documentation

2D Process Visualizer Layer Controls:
AR 3D Visualizer ° Isolate layer
Set layer
Freeze layer
3D Modeler Thaw layer

@ —— Create abutted “C” from two circles
E «— Create abutted “C” from two circles.
—— Join Polygons @ Sandia
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AutoCAD .
2D Mask SUMMIT V Process
geometry definition file

Automatically creates cross-
section of AutoCAD MEMS
device layout based upon
process steps and mask
geometry.

Intro to Tools
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Nitride Cut Mask
MMpoly0 Mask

MMpoly0
Nitride

Oxide
Substrate

TAmSaLT W Susgfl) Pl s, DOF_[ 708
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Y

3D Visualization
(in AutoCAD)

Stereo
Lithography
Prototype

+ +
ACIS
SAT
File
AutoCAD >
2D Mask 3D Geometry
Geometry _ Modeler
Automatically creates 3D
Model of AutoCAD MEMS
SUMMIT V Process device layout based upon
Definition Eile —  process steps and mask
geometry.
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%S 3D Modeler ey

Basics

e Process based geometric modeler

» Generates 3D solid by simulating each process
step using a mask set

e Current process Steps:  conformal Dep Planar Dep

e conformal deposition
 planar deposition

o Wet etCh Wet Etch Dry Etch

e dry etch
e release etch
 Model contains proces
artifacts (trapped oxide)
Intro to Tools Sandia
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EMS 3D Modeler mey

Torsional Ratcheting Actuator
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i MEMS Design Rule Checking -y

Floating parts

 Helps to ensure first pass
design success

» Verifies that the design can
be fabricated

 Avoids parts floating
away/onto other
micromachines

Intro to Tools Undercut area Sandia
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S DRC - Typical DRC Error report 55—

Advisory: Dimplel cut space > 75

Ty
Dimplel cut / :
:
Dimplel cut expected in this area
kS
O O 0 \D O O O O E

[

Dimplel cut

M ¥ THi]\ Model {5501 7 JEIE _>l;I .
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Standard Component Library

« Components available for direct insertion into AutoCAD designs
— build working devices from standard components

— designed to work together

« Standard Component Library based on functional structure
— Electrical
— Actuators
— Optical
— Couplers
— Energy storage

— Misc: Gear clips, spring stops, tooth clamps

Intro to Tools Sandia
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Standard Component Library

@ AutoCAD 2007 - [Drawing1.dws]

E File Edit Wiew Insert Format Tools Draw  Dimension  Modifty BeEpsis® Express  Window Help
* Available from AutoCAD using the o® 2 RADE «wD® s H - Electrical S~
ComplLib pull-down menu. q;‘ LT v|_¥ o Aetustors
« Makes pre-designed SUMMIT V™ == — 1TE S Measurement ==
FEXEHN TS AL DOEGLAR Optical

Process components easy to access.

Couplers

. . E Sk
« Components are listed by function. rETaY 2TrAeE

Mizcellaneous

* Choose either the part name or the
picture.

Mechanical Couplers

20 ricron dizplacement
40 micron dizplacement
10 micron dizplacement
18T Flexural Flexlink.
18T Flexlink.

HPCD Pull Head
HPCD Puzh Head
Index Dirive

Single Side Rack
Mirror Single Side Rack
12:1 Tranzmizzion

Previous et [ Ok l l Cancel ]

Intro to Tools Sandia
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Ing Complex Devices Using Library
Components

» Electrostatic comb drives coupled to
pinion gear

* Pinion gear coupled to multi-level gear
transmission

* Rack gear coupled to hinged mirror

 Transmission coupled to rack gear

Intro to Tools
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Trace Generator T

By

 Creates multilayer electrical traces build according to SUMMIT V™ design rules.

 Uses a polyline drawn on construction layer

 Trace settings shown below are typical for SUMMIT V™ Process

SUMMIT ¥ Electrical Trace Generator j

— Type of Ling

" Polyo
% polyz
" Poly3
" Poly4

" Mekal Line

Intro to Tools
Page 17

— Trace Width
| DE
— Trace Geamekry
{" Sguare Ends
{* Round Ends
Trace Path Cancel
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MEMS Difference Utility

MEMS Design Tools

VERSHIISTAL D@ nEi 4B

MEMS Design Difference Utility V
1.06

Tolerance (um) 0.005]

CANCEL | OK |

Intro to Tools
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- Graphically shows the
difference between two design
files.

» Differences are overlaid onto
the design using the DRC
Interface.
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Text Generator

Creates:
Text
Special Characters

Symbols

SUMMIT Text Generator

Enter the string to be printed:

Character height (microns):

Insert Text

N\ || b
N\

Intro to Tools
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SUMMIT™ Gear Generator sl

Automatically create gears by specifying
features:

SUMMIT Gear Generator

Number of gear teeth

Gear Rotation
Module |

Bl Generate Hub

[l Generate Pin Joint

Relative Pin Joint angle: |

[l Generate dimples
[l Generate etch release holes

[Ell Create gear as a Block

Alignment marks

Sandia
Page 20 National
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Getting Started in AutoCAD

e File/New

e Choose ‘Mmproto summit v.dwt’ for the

drawing template

 AutoCAD additions
— DRC Toolbar
— Visualization Toolbar
— 3D Modeler Toolbar
— Standard Components Library

— Module boundary
(6340 x 2820)

Intro to Tools
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[# Select template

Look jr: | |5 Protatype w | o 'Cf QQ x f_;f, Yiews * Todlz -
Preview
Mame Size
[T acad. dwt 67 KB
@ MMprota_ SUMMIT Y, dwt 31KE
[P rmproto_SUMMIT_ _rmetal. it 27 KB
.9 E)
Flename: | MMproto_SUMMIT Y. dt v B
Files of type: | Dirawing Template [*.dwt] - |
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www.mems.sandia.gov/samples/doc/MMproto_SUMMiT_V_metal.dwt
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asic Creation Commands )

Masks require closed polygons.

'3 File Edit Wiew Insert Formak Toaols POIyIineS may have arc fIIIetS
ODWH 2842 % <Dy

= |VOS®Hmo

TEERSIIITAL [

Polyline
/ X
/ Rectangle

— Circle X

T

MO L O L NN
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Masks & AutoCAD Layers wel

i File Edit View Insert Format Tools Draw  Dimension  Modify ° MaSk Iayers and AUtO CAD
M= 5 F -
LDREH A2 % «Qds& € layers are not the same

= | VO®BEo vz £
%ETE’?*T-__ 5

%E o : « Drop down list shows all layers

"M DIMPLE1_CUT . .
7900 DIMPLES_CUT in the drawing
M@ DIMPLE4_CUT
M GEAR_INFO
T MMPOLYD ) ]
T/ MMPOLYD_CUT « Scroll to view complete list
T MMPOLY
’?ﬂl MMPOLYT_CUT —
’?ﬂl MMPOLY2

W MMPOLY2_CUT

T MMPOLY3

W MMPOLY3_CUT

@ MMPOLY4

@ MMPOLY4_CUT

M MODULE_BOUMDARY
W NITRIDE_CUT

M NOTES

’?ﬂl:l PIM_JOINT_CUT
’?ﬂl:l REF_FOIMT

M@ 5aC01_CuT

MO saco=z

M0 saCox2_cuT

’]'f}l:l SaCO=3 CuT

’?ﬂl SaCOx=4_CUT

Intro to Tools A ‘EI LM TEMP
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Alignment Marks el

i

« Alignment marks show where

some components connect

| :
\ s o o s 0 o B oy B 100 | [OEE ﬁ
\n C 1 r—Y /| 1 o/ l_|” 5 5
O O o O O o O
oOoC)Cy /|3 3OO
S i S o s S e o o B
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 Connect ‘Symmetric Drive Actuator’
with an ‘[L8T flexlink from the 1=
ComplLib

Note: you must have AutoCAD 2008 to view above link

Intro to Tools Sandia
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http://mems.sandia.gov/samples/doc/MicroEngine_with_flexlink.dwg
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AutoCAD Example 2

——

« Complete the microengine

T T
G

by adding another comb

drive

Note: you must have AutoCAD 2008 to view link.

« When inserting, specify a

FY o

rotation angle of 90 degrees

T T

1

i

|

s

it

iAo

=
i
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http://mems.sandia.gov/samples/doc/MicroEngine.dwg
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Example 3: Pop-up Mirror

« Use ComplLib to create and

drive a mirror

_ Hinge v2
Mirror End

Mirror Extension
Anchor Hinge Hinge v1

I P IR E N I R

Intro to Tools Sandia
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Mirror Components chal

@ AutoCAD 2007 - [Drawing2. dwg]

) A” the m“‘ror EFile Edit ‘“iew Insert Format Tools Draw  Dimension  Modify BeGeRE® Express  Window Help
Dﬁ; %Iﬁ@!ﬂ’ %@iﬂ‘ﬁ‘ f' Electrical

components are in:

- — = Actuators
= V0% Dmo vz €
Measurenent

WREREF T H A WD TG A Optical

COmp“b > OptICal Couplers
./ Energy Starage
- .
n Miscellaneous
O
—_ Optical Components
l{‘ Anchor Hinge
Hinge 1
@ Hinge w2
3¢} Light Shutter
Mirrar End
r’ Mirrar Extension
< kirror Single Side Rack
L
=y
)
=
o
[Sy
f Previouz Mext [ (] ] [ Cancel ]
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Mirror Single Side Rack ey

 Once the mirror is completed, add a

Mirror Single Side Race (linear) rack to
drive it up.

Mirror Connection

/

Drive Connection

7 '(%) %)
- ey |
E D . . Lk @
|

Intro to Tools Sandia
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- 5 | g
D%f u g [ P[ﬂ E ifgmjwm

J o o L

- e

Connected mirror and rack

Note: you must have AUtoCAD 200ec 1o view this link.
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http://mems.sandia.gov/samples/doc/MicroEngine_with_mirror_rack1.dwg

Aligning Gears el

1) Start the aligh command f 2

A B
(endpoint)

2) Select all of the gear on the left

~

3) Press return

(endpoint)

4) Choose point A for “ Specify first source point”

5) Choose point B for “ Specify first destination

point”
6) Choose point C for “Specify second source ]
point” B
7) Choose point D for “Specify second destination
point”

8) Press return twice

x _ _ (midpoint)

D
(midpoint)

Intro to Tools

Sandia
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Finished Product

* Complete the mirror assembly by adding a

L (1A L &= 2
transmission (‘12:1 Transmission’) and then (O
aligning everything to the microengine §

Mirror rack with transmission and gears|

Note: you must have AutoCAD 2008 to view link.

i

23
—+
=3

H| =
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http://mems.sandia.gov/samples/doc/MicroEngine_with_mirror_rack_trans_gears_done.dwg

Sandia MEMS Design Tools o

Available on CD or Download

(SUGI[ZG IO

© Sandia National Laboratories

http://www.mems .sandia.gov © Sandia National Laboratories
http ://www.mems .sandia.gov

Design Tools CD Visualization Tools CD
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%i Design Tools

Hardware/Software requirements

Intro to Tools
Page 34
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CPU: Pentium IV or better
Clock Speed: 3.0 GHz or faster
Memory: 2 GBytes

Hard Drive: 2 GB free of disk space

Operating System:Windows XP, Windows XP x64, or
Vista

Graphics Card: Nvidia card recommended

128MB OpenGL-capable graphics card 24 Bit or True
Color Mode

Monitor Resolution: 1280 X 1024 or higher
Software: AutoCAD 2007 - 2010

Microsoft Internet Explorer 7.0

™
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