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Corporate Overview & History

m Tanner EDA solutions have been in
the market since 1988, 30 years.

m Widely used for analog/mixed-
signal ICs and MEMS.

m 1,000+ of customers in 67
countries

m Tanner EDA was acquired by
Mentor Graphics March 3, 2015

SI E M E NS m Mentor joined Siemens in February,
’hgacb\uf\‘y -for (A‘f?_ 2017
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Worldwide Locations

Wilsonville, Oregon

Arcadia, CA

* Mentor Headquarters

% Tanner Solutions Global Offices

@® International Partner / Distributor

¢
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Tanner EDA Solutions Overview

Analog/Mixed-Signal IC Design

m A complete analog & mixed-signal
IC design environment in one
highly-integrated end-to-end flow

MEMS Design and Modeling

m Tanner EDA offers proven, powerful
MEMS tools from mask design to 3D
model creation for visualization and
export to FEM analysis and
MEMS-IC co-simulation

Your Initials, Presentation Title, Month Year

Internet of Things (IoT)
RF Applications

MEMS Design & 3D Modeling
Automotive

Life Sciences

Sensors & IC

Military, Aerospace, Space
Power Management
Imaging & Displays
Consumer Electronics
Industrial
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How Tanner Tools Address IoT DeS|gns

m Top-down design of MEMS, analog, and digital in a single tool flow for all the
design on a single die or multiple dies

m Co-design first level packaging of MEMS die and ASIC die

m The MEMS design tool leader with layout features for MEMS including true-curve

support, 3D model creation, all-angle & equation based DRC, and co-simulation of
MEMS and IC

m Support and PDKs from specialty foundries like X-Fab, TowerJazz, ON-Semi, and
MEMS fabs

Restricted © 2018 Mentor Graphics Corporation Menblw
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Breakthroughs with Tanner EDA

KNOWLES SHIPS 2 BILLIONTH
SISONIC™ MEMS MICROPHONE

May 2011

"With L-Edit, I can go from concept to
finished GDSII in about two weeks.

There’s never been anything as easy
to use as Tanner tools.”
Pete Loeppert

Vice President R&D
Knowles Acoustics
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Souvenir Olympic Torch by MEMSIC

m Electronics and MEMS on

the same die

m Low cost, high volume,

low size, low power

Accelerometer Chip
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\ Thermopiles

Inner
Thermopiles

Air/Gas Cavity
(surrounding)

Images courtesy of Yongyao Cai, Director, Technology

MEMSI>

Olympic Torch in Action
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Partnership and Development, MEMSIC, Inc.
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Combining Techniques — TPMS Sensor

m Single die handles analog,
ADC, power management,
digital control, and RF

m Co-designed with MEMS
pressure sensor, combined
into a single IC package

m Only external components
are passives, battery, and
antenna

Source: Swindon Silicon Systems
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MEMS DESIGN FLOW



Design Flow - Other MEMS Tools

Layout Masks From
My 3D Model?

m How Can I Be Certain
My Layout Masks Will
Fabricate My 3D
MEMS Structure?

m How Can I Get 2D _\ .
Design Iteration

Fabricate
MEMS

Source: Advanced Micro sensors

2D Mask Layout

Restricted © 2018 Mentor Graphics Corporation Menblw
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Design Flow - Tanner/SoftMEMS

‘ Design Iteration .

Step

# Label
1 Wafer

2 Permanent Magnet Deposit
4 Permanen t Magnet Etch

5  DRIE Hard Mask Deposit
]

7

3

DRIE Hard Mask Etch
DRIE Hard Mask etch for P...
Protection Metal Deposition
9 Protection Metal Etch
10 SubPlanar deposition

2D Mask Layout Fabrication Steps 3D Analysis
\\\\‘HM y>
s Fabricate
=\ MEMS

7

ZNy

Source: Advanced Micro sensors

m Always Work From Layout Masks Which Are Used For Fabrication
m No Translating The 3D Model To 2D Layout Masks = Less Risk

Restricted © 2018 Mentor Graphics Corporation Mer“or®
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E"“'%‘ Q’“’ Horizontal Heat Actuator
= Py
Draw Mask MEMS PCell Library [ it

Generate 3D Model for FEM

MEMS Design Flow — Bottom-Up Methodology

Process Info

13

. Compact Model Builder |
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MEMS/IC System

Level Simulation
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MEMS Design Flow — Top-down Methodology

Create Layout
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Design Flow

MEMS Symbol Library:
MEMS Pro

MEMS Model Library:
- MEMS Pro .

'MEMS System Model Builder:
MEMS Pro

MEMS PCell Library &

N NN N NN QO

3D Solid Modeler Pro

Tanner Designer

Compact Model Builder:
MEMS Pro

Your Initials, Presentation Title, Month Year

H MEMS - Analog H Digital i Mixed-Signal

Design Entry:
S-Edit ModelSim / Questa

Behavioral Simulation:
LT—Spice, Eldo, Eldo RF, AFS ModelSim / Questa

T-Spice AMS / Questa ADMS / Symphony

Synthesis:
L-Edit, Interactive DRC, SDL
Place and Route:
Calibre DRC, LVS, xRC, PERC

Functional Verification:
T-Spice, Eldo, Eldo RF, AFS Optimus AMS / Formal Pro

L-Edit, SDL Router, Calibre, T-Spice, Eldo, AFS, ModelSim / Questa

Restricted © 2018 Mentor Graphics Corporation Mean“ |

A Siemens Business



MEMS LAYOUT



17

The Only Tool Developed
Specifically for MEMS and IC
Design

True Curve Support
Technology Configurable
Enhanced Boolean Operations

Advanced Editing Support:
— Object Snapping

— Base Point

— Alignment

GDSII, CIF, EPS & DXF support
Programmable Interface

Your Initials, Presentation Title, Month Year

few Diaw Cel Sewp Tock Wirdow Hep

L-Edit MEMS - Fulli Custom All-Angle Layout Editor
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L-Edit - All-Angle Generate Layers

Boolean/Grow Operations X|

Result IActive J Ok I
Operation: IDr j By IT.UU ﬁM\Is Cancel

InpLits:

Magnetic Actuator

MagneticActuator.tdb =101 x|

Subtract [4-B)
B

™ Delete inputs after operation is done

I

Generate Layers :
— Command Sets = Setup Layers @
mxe e |Pn |
[ 15tandard-Dierived Layers Accept | Layers: General ~ Derivation ] endenng
I Calibre025_5M.drc (Gnd Layer
C |
ﬁl g;goimléal'_f:}[er (" Drawn * Derived Derivation type:  |Boolean -
Origin Layer Construction =
Ruler
Edit... | leon/Outline ((Permalloy) & (NOT {GROW 100.000 (Silicon structure)))) Show
Emor Layer
Copper 1 "' Source layers (Microns)
— Layers to generate Insulation 1 Maove
Pemall
Ineintion 2 Layer NOTI™ Grow [0.000 Layer 1: [Pemmalloy ~]
Silicon structure -ll
Metal .
Constuction | Operaton: |AND =
Pemalloy&Copperl
Pemalloy&Copper1&NC T{insulat NOT v  Grow |100.000 Layer 2: |Silicon structure ﬂ
Operation:  [AND hd
NOTI™ Grow [0.000 Layer 3: | -]
Add | | Rename... | Copy |
tdark Al Unmark Al Properties . oK | Cancel |
M Automatically mark intermediate layers

™ Merge polpgons after laper generation

Restricted © 2018 Mentor Graphics Corporation Menblm
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Curve Representations

m True Curved Polygon Representation

m Curved Object Types

m Graphical Editing Comparable With AutoCAD
m Textual Editing Of Curves

=]

CCCCC

Vertices (Microns)

EEEEEEEEEEEEEEEE
Radius: 5

\\\\\

[] Show Curve Height




Reconstruct Curves From All-angle Edges

//k:‘\ ;"1/\ N
\ CH «:/ )
[.,' (\j%/ ~ [{\/} ‘
4 - 4
£ -\ = —
{ { ) £ \ y
N ~ +9 %
= "ib ~ P +6‘
NS N
S 3
< ’
3 ~ - =
Convert to e, .
— v ol
Curved Polygon = g
12 vertices p i
P S >~
- W
¥ = ~ =
ar B RN
\ ) / = <
- ‘/. \,\\ — 4 § .‘:,1 32\
Selection: AA Polygon (Metal) W=341.770, H=210.000, A=9322.591, P=1616.382Vertices=1068 | | == B
Restricted © 2018 Mentor Graphics Corporation Menblw
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L-Edit — Object Snhapping and Basepoint

Setup Design layout1

featu res Technology ] Grid Selection ] Drawing ] xref files

ObjectSnap |  Interactive DRC | ModeHighlighting | Wias
T Ve rteX I+ Enable Object Snapping Inztance MEE shapping
I I Object Snap modes * Instance MBE
- mld pOInt O ¥ Vertes ~ Hbut MBE-MBB of objects on
. the lcon layer
— edge / centerline AT idpor |
. . Y [ Edge Offzet [Micronz)
T Inte rseCtlon 4+ [ Intersection A |0.000
—_— Ce nte r O [ Center [wire centerling) N 0.000
<& I Quadrant s
- pl n (po rt O n I n Sta n Ce) 8 [ Fin Select Al v Dizplay markers
—_— insta nce ) W Clear Al v Auto Pick Colar... .

Display Size: IT pixels

m Base Points for Precise

Positioning gasbot e
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Complex Construction

20
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A Siemens Business

Menbor

Restricted © 2018 Mentor Graphics Corporation

Layers

L-Edit - All-Angle Generate
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DXF Import/Export

m DXF Import With

Boundary Reconstruction

— Some CAD Tools Fracture
Polygons Into Edges
During Export

— Connects Adjoining Edges
Within A Tolerance
Together Into A Filled
Polygon

— (Can reconstruct curves
from a series of all-angle
edges

24 Your Initials, Presentation Title, Month Year
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L-Edit - DRC for MEMS

m All Angle Design Rule Checking

m Check for minimum spacing
between any type of polygonal
objects on various layers.

m Find design flaws immediately!

m Complex DRC rules can be
created and customized to meet
roprietary MEMS fabrication

Your Initials, Presentation Title, Month Year

DIFrOCESSES.

manageable.

Development and maintenance of
technology files easily

L, |-Edit - [mag-act-1  magnetic-actuator*] i J_|J
File Edt Wiew Draw Cel Setup Took ‘Window Help ﬂﬂl
Jﬁ GHS 2o HIRERS ALE ke Y B RE S @ | 6950455 505 oo
Il
EELRE e =T
[fojmpaltx~Pet Soan|alwywd||mzaen.
N H|
. 9 8|4 E 4B v XBEam  [ngatt 7] G5 i
N } -1 ® magact1 [266] |l
o S [ @ Enor 1 {10} =
:;\—:; g ] -0 @ Enor 2 {B.558) .
N W -0 @ Eror 310837 :
: 00 @ Eror 4 {8558} o
-0 @ Erar 5110} :
[0 @ Enor 6 {10,637 :
-0 @ Enor 7 (B 558} .
-0 @ Enor 3 {10} o
-0 @ Enor 9B 558} .
0@ Erer 10410837} j
7 1 @ Freee 11 48 R0 I :
‘ 3 e
5 (W[5
E |0 |E
LV L
E
E E
D D
G G
E E
5 5
DRC Error: Copper Min Spacing (Sum) < 11 Microns {8,558+ g [ [Mode: Drawing
Restricted © 2018 Mentor Graphics Corporation Menblw
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Tanner Calibre One

m Run Calibre nmDRC™
And Calibre nmLVS™
Directly From L-Edit

m Use Calibre RVE™ To
View Calibre DRC, LVS,
And PEX Results In
L-Edit And S-Edit

m Access to equation
based DRC (egDRC)
capability

m Foundry qualified
signoff

Your Initials, Presentation Title, Month Year

Calibre Interactive - nmDRC v2015.4 19.0013 : Generic250nm_DRC.runset

Fle  Transcript Setup

Fules

Fun: DRC {Hierarchical) — _| Incremental

| Inputs
Outputs

Fiun Cantrol

Fiun DRC

Start FWE

_ gote |
e |
N
T

all

Layaout ] Walvers ]

Format: GDSIl —

TFEREEREA

Calibre - RVE v2015.4_19.0013 : RingVCO.drc.results

Flz  “Wiew Highlight Tools  Window  Setup

Help

ERMDIEEETIEE O |

l v T Show Al FF RingWCO, 4 Results {in 2 of 91 Checks)

Layout File: Ring ¥ CO.calibre.db
| B! g Check / Cel Results | ({1 2
B ¥ Check9:2a o Al
Top Cel: [Ringvco ¥ Cell Ringvco | 2 |
B ¥ Check9.2c 2
| Area: | % Celfingvco | p OF
Waive
Colarmagp
Highlight Al
Select All

Microns = | # a L @&l
o Sont BEEEE - @5 naLFFES MG, FY

Highlight In Area  Ctirl+H

Ctrl+a

Firt In Area Cirl+F x|
‘Waive In Area Cirl+' k|
Select In Area Cirl+5
Fule File Pathname: /home/mwilliam/Calibre_Temp/Gensric2S0om/_seneric_250nm_DRC-Hain, cal ﬁ
Eule File Title: Generic 0,25 um Process
Metalz to Metal? spacing < 0.5 Microns j
) Check 9.2 Cell RingC 0 | I *

Restricted © 2018 Mentor Graphics Corporation
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DRC

m Customary IC DRC rules produce large amounts |
of false errors in MEMS/Photonics designs -

m False positive errors can mask the actual design §
error

False positives

= Equation based DRC (eqDRC) solves problem  ron sandsrs

m MEMS context sensitive rules | .

m Support device specific rules, e.q., fillets,
mechanical rules
m Capture expert knowledge

Real Error —
need to fix!

Restricted © 2018 Mentor Graphics Corporation Menbra |
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MEMS LAYOUT TOOLS



SoftMEMS Solid Modeler Pro

hud ra%
aaaaa o degrees I ms | #50sp|esscitasaesre?deaiAlFx
=

— Arbitrary curves o
— Microfluidics and other MEMS 7 ™"
technologies |

m Easy MEMS

— MEMS specific tasks such as T}
adding release holes for Plates | ' __ @ |/

r Parameters
Cell Name [EEEE | Linear Comb Drive Motor
'€

Instance Name: | lcomblnst ‘

Active rotor width (anwidth)

Rotor yoke width (rywidth)

Stator yoke width (sywidth) |

m Library Palette \nm %

— Basic layout generators for many | Jw || ][R Tty v o
MEMS devices creates layout you L= =7 U= ~
can use as a starting point and then .
modify for your specific design
Restricted © 2018 Mentor Graphics Corporation Menbor:
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Libraries

m Supports SPICE, Verilog-A, _

VHDL-AMS, Matlab

m 3-View System of each

component:

— Schematic

— Simulation models

— Parameterized Layout

m Library creation by users
with examples from us

m Important to encapsulate
design rules in the library

30 Your Initials, Presentation Title, Month Year
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Design Rules and Guidelines

m DRC checks manufacturing
-
rules, spacing, surround, Roese itnce |4

Huole Layer | Hale1 L |

size, etc.

m MEMS context sensitive _ ,
Unreleased regions e
rules marked on error layer

m Support device specific
rules, e.q., fillets, pad
rules

m Capture expert knowledge

Mark un-releazable regionz

Restricted © 2018 Mentor Graphics Corporation Menblw
31 Your Initials, Presentation Title, Month Year Asiernens Business



MEMS 3D TOOLS



Solid Modeling with SoftMEMS

m Create a 3D Solid model from
masks and fabrication process
description

m Gives 3D graphical representation % ==
of MEMS fabrication process |

m Embedded in L-Edit
m Multiple views and cross-section
m Snapshot of model can be output

m Output may be sent to FEM/BEM
programs for 3D Analysis

Restricted © 2018 Mentor Graphics Corporation Menblw
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Fabrication Process Editor

m Describes fabrication processing
steps and sequence

m Commands:
— Wafer manipulation
— Deposit: Conformal, Snowfall, Fill
— Etch: Isotropic, Aniostropic, Dry, etc
— Implant

— Grow

— Mechanical Polish
— Electroplating
— Wafer Stacking

Your Initials, Presentation Title, Month Year

T -
— Process
M ame:; IMUMPS Wersion: |4D Ut ImichnS j

— Process steps

—Step

# | Label
T ———

2 Depozit Mitnde
3 Deposit Paly0
4 Etch Palpi
4] Etch Halel
B Depozit Ox1
7 Etch Dimple
a Etch Anchon
9 Deposit Palyl
10 Etch Paly
11 EtchHolel

12 Depozit 0w

13 Etch Pol1-Pol2 Via
14 EtchAnchor2

15  Deposit Poly2

16 Etch PaolpZ

Add Step | Delete Step |

17 EtchHole -
4| | v

W Enable [T Display 30 madel for this step

e >

Command:  |Wwafer ]
Wafer ID: [wl

Mask Name: ~ [substrate i
Thickness: |5

Target: | substrate |

Comment; IWafEf

Impart...

Expart... | (] I Cancel |

Restricted © 2018 Mentor Graphics Corporation
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Mask/Process Co-design

m Designers and process engineers collaborate
m Process compatibility checked

m Find fabrication issues

m Communicate between fab & design house
m Predict shape, predict performance

[ Actustor_800_100_100_2150_W  reticleSOL_Actuatorl_110816.:tdb E’@l

Step
# Label =
1 Wafer

2 Permanent Magnet Deposit

4 Permanen t Magnet Etch

5  DRIE Hard Mask Deposit

&  DRIE Hard Mask Etch

7  DRIE Hard Mask etch for R...

3  Protection Metal Deposition

9 Protection Metal Etch

10 SubPlanar depasition b
11 SubPlanar remaova I

Restricted © 2018 Mentor Graphics Corporation Menblw
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Virtual Prototyping

m New designers can learn
m Example: Improperly anchored Pad

— Step

W S er

D eposit Mitride
D eposit Polwl
Etch FPolpl
Etch Hol=0

D eposit O=1
Etch Dimple
Etch Anchorl
D eposit Folyl
Etch Palyi
Etch Holel
Deposit Ox2
Etch Paolyl -FPalpZ Wia -
Etch &nchorz

D eposit Falpz

Etch Polyz

Etch Hole2 -
| >

I Frahle [T Disnlao 230 model Bar bhis =)

]

i R i P Lo e N N MR NI o3

== MW= 0

T T Tl T 1
[colenle

t Source: Joel Kubby, UCSC

Restricted © 2018 Mentor Graphics Corporation Menbr®
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Material Properties

m Material properties
depend on deposition
conditions unique to fab
process

m Pre-stress in materials
effect performance

m Important to simulate
using the correct
material properties

m CAD can help to
characterize materials

Your Initials, Presentation Title, Month Year

Full FAB-process Simulation

15 |

—
ik ) Al
L]
EE—
1 Gy
LR L
A e - M —
1L ———— —
1 I!'ll:._ — = — =
dig-a ot |
i = H
i - C
—— — —
& Prailh = — 3 —
I iy
dJ Step by step simulation : residual stress

Ta® Tey =800C

Tua=15C

Stress Si » Stross SiN,,
Stress Al = 0

—
ST T .

5 ey

I":I-.r.-l
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—=microGen

Pa C ka g e M Od e I i n g Energizing the Wireless World ™

m MEMS package determines o iohra R o
device performance ot el

. CO- DeSig n M E M S + PaCkag e The harvester is near the middle of this view.

m Energy Harvester

— Visual The Device

— Communicate With The Fab

— Create 3D Model of MEMS And
Package For FEM Analysis

— Virtual Prototyping

— Coupled Fluid-Mechanical-
Piezo-Electric Simulation

Restricted © 2018 Mentor Graphics Corporation Menblw
38  Your Initials, Presentation Title, Month Year A Siemens Business



MEMS Packaging — Mechanical Robustness

Impact ”Stopper” stopper cantilever

desired

What is ' High strain

happening causes fracture

Corrected
with “stopper”

SOftMEMS source: MicroGen

Restricted © 2018 Mentor Graphics Corporation Menblw
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SYSTEM LEVEL SIMULATION



MEMS & IC Co-Simulation

S-Edit 2018.3 - [Q_ControlResonator Q Resonatorischematic]

- -
. SC h el I latl CS Ca n CO nta I n both File Edit View Draw Cell Setup Tools Window Help o x
sz Ju -G BIOG 1O LIEGTHINSYIET#OW 0000 ¥ pis R ERD-BENNN v H[Bun e+ L@~ [FHIRD
Librari
IC & MEMS Devices

m IC modeled using standard
TSMC IC SPICE models

m MEMS modeled using
behavioral descriptions with
mechanical, electrostatic,
magnetic, fluidic disciplines
m MEMS models

— No universal primitives as in digital design
— Primitives may exist in application areas —

I . e . bea m / g a pS, p I ate Restricted © 2018 Mentor Graphics Corporation Menbl“’
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Comb_sch
Library  MEMSLIB_V2
symbol

eeeeeeeee

“ | Name

Default display attributes of the
stance name of this symbol

~ | Properties X | Find

Select CAP_ NUM OVR

|




Approach to System Modellng

x
ch AR -BENNNPe  F)[P[None ~ Isencereroms ~ % [ - \/\Bgll

m Models can be used in T-Spice
— No universal primitives as in =
digital design Coaie FNAT L (0

— Primitives may exist in application = |
areas — i.e. beam, gaps, plate : v

m Create libraries of models when
possible

m Supports Parametric, Transient,
AC, and Noise Analysis

m Describe models with =
— SPICE 14 TN T T T

Frequency (Hz)

— Verilog-A = n ]

b,
] v!_\

Q-Controlled Resonator

nnnnnn

nnnnnn
nnnnnn

JBGEﬂYMQMWSMX[mH*

-130
1354
-140
-145
41504
1551
-1604
16547 ...
17045

1754
-1804
41854

placement (dB)

Magnitude of Dis

Restricted © 2018 Mentor Graphics Corporation Menblw
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System Modeling- Circuits and Sensors

Gyroscope = -7 e
Input : AC voltage, — ﬁ () SR A S
Rotation - T T TSR -

’ 1
e , iy
-
: )
” Input anguéra
& S ——

’I EMEMS 7
b e D ——
b d
’/
-~
L] F\
=
=
=
@
=
©
o
o
e =
Foltage 3
/) (N

Restricted © 2018 Mentor Graphics Corporation Menblw
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MODEL BUILDER



System Model Builder

m Creates a model ready for simulation from analytical equations
m Outputs model in SPICE, C, Verilog-A, or VHDL-AMS

File Help

Firis/Parameters  Equation Editor |

=101 ]

atan  asin acos  e™x  107x
| tan | zin | cos | In | log | Pin Hame Parameter Hame Wariable Mame
- anchar Fingers ]
fabs  sqrt Ited  |yanchor FingerGap diz
My | abs | #7w t dAdt | |actuate FingerT hickness _
7 g8 g C AL
4 5 [ " ¢
1 2 3 +
0 Exp [ ]

¢ = FingerThickness * §.83de-12 J FingerGap
dizp = Voltagelactuate) - Voltage(anchar)
vact = Valtage(vactuate) - Voltage(wanchar)

Current{actuate) = -0.5 * c0 * Fingers *pow(vact,2)
Current{anchor] = -Current{actuste)
Current(vactuate) = Fingers * ((FingerOverlap - dispi*c0tdiffivact) - cO*diffldispi*vact)
Current(wanchor) = -Currert(vactuste)

Add

Edit

Remove

Model Hame:

Carmblrive

[CGeneas 1] | Eat

}

a

’__dummyDiffNDdel

- addInternalnodeddevice, "__dummyDiffiodel");
d->__dummyDiffrode2

addInternalnodeddevice, "__dummyDiffiode2");

void CombDrive_Evaluatebevice(ExternalModelDevice ¥device)

Comborivebevice %d;

double cO;
double disp;
double wvact;

)j\k
% peclaration of internal wariahle(s)
w ysed for the diff() and integ() operators
W

double __diffvarl, __diffvarz;
d = (Comborivepevice *ldevice-»info;

c0 = d-»>FingerThickness * 8.854e-12 / d—>Fin?erGap;

disp = device->voltage[ACTUATE] - device-»voTtage[ANCHOR];

vact = device-»voltage[VACTUATE] - device-»voltage[VANCHOR];
device->current [ACTUATE] = -0.5 % c0 % d-»Fingers *pow(vact,2);
device-s>current [ANCHOR] = -device->current [ACTUATE];

H

* calculating the value of diff(vact)
H

__diffvarl = device—>vo1tage[d—>__dummyDiffNodel];
device-»>charge[d-»__dummyDiffuodel] = vact;
device-»>current [d->__dummyDiffuodel] = -__diffvarl;

H

% Calculating the value of diff(disp)
L

__diffvar? = device-»voltage [d->__dummyDiffiode2];

*

H 4
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Compact Model Creation

m MEMS must be analyzed in 3D
m Translate Results From A Coupled-Finite Element/Boundary

Element Model Simulation To Behavioral Model

-
Compact
Model

ENT
eND ENTITY M_VAI
S
0 ; realmateix(i to 2,1 to
analog.. v—clor(l !o 2);

B i Id
ARCHITECTURE behavioral oF M_VARL I
e it L d_prime.
STATE Voads ! analoa-matrixci 1o

BEGIN
RELATION
PROCEDURAL FOR INIT =»
MC1,1) 1= 1.295810e-10 1) = 2.695605e-03 3 KCY, - 3
. 2094010 12) = ~3.6829670-02 3 12) = + 3
MC201 3 7 ;3 082907e-02 3 i
: “09 0€2:2) := 9.24983de+ 3 hCRs z) i= 9,397530e403 ;

FOR 1 IN 1 to 2 LOOP
d_prime(1) = 0.0;
d_primez(1) i= 0.0;

END LOOR;

PROCEDURAL FOR DC, AC, TRANSIENT =

outpUtC1).v ¥= dprimeCt);
oUtpUt(2).v ¥= d_prime(2);
dprime2(1) := ddt(d_prime(1));
d_prime2¢2) = ddtld_primec2));
QUATION ¢ d_primeci), AC, TRANSTENT
+0C1,1)*Cd_prime2(133+0C1,2)"¢d_prime2¢2>)

ELECTRICAL )

(LECVRICAL.VEC'OR €1 to 1); output: ELECTRICAL_VECTOR C1 to 2);Gnd

-

d_prime(2)) FOR

E
[4MC1 1) ddtld_prime2 (l))onga ,25% dat(d_prmﬁ(z))

[+KC1,10% (d.nr!me(!)) €1,2 (d_pr!u 2
== elAnputc1) . ve

A Siemens Business

Restricted © 2018 Mentor Graphics Corporation
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Compact Model Builder

m Reduced Order Model Generation From FEM Results
m Handles Coupled Electrostatic-Structural Reduction
m Handles Multiple Degrees Of Freedoms
i i i . . Electrostatic
m Linear Combination of Models orce | cowplingforce  Variable
capacitance
m Pull-In Voltage Computation
Top plate Load_case
O In pins
DOF
In/Out pin
Inertia
Damping
Stiffness
Plane of symetry (xz) Computed capacitance Restricted © 2018 Mentor Graphics Corporation Mer“or® |
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Compact Model Builder-Assembly

Folded spring
reduced order model

Real model I

AccV Spot Magn Det WD Exp
20.0kV 5.0 265x SE 112 0

Electrostatic actuator
reduced order model

Restricted © 2018 Mentor Graphics Corporation Menblw
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Compact Model Builder-Parametric models

n2 fingers l
q—)

(N-n1)/(n2-n1)

Real model I

1-(N-n1)/(n2-n1)

=

nl fingers

Restricted © 2018 Mentor Graphics Corporation Menblw
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Example-Coupled Magnetic-Mechanical MEMS

m Magnetic Actuator

m Couple magnetics
to mechanics

m Enable system
simulation

m System design trade-offs

e S o o s ~

-------------------- l........._SEM 'ewpression, 188 nA
: SEH expregsion, 158 nA

: @BEH expression, 208 nA

: SEH ewpression, 258 nA

¥ L gErI\ expression, 380 nA

-3 :ﬁEH\ngré§31n‘r 358 mA

B AV, 4

Driving electromnagnetic force [uNl

1 T
b : Elastic force
. - \3D FEM model, 58 nA 4
LY . 3D FEH nodel, 188 nA
“ . 30 FEW nodel, 158 nA
“ . 30 FEH nodel, 200 nA
U

‘. 30\FEH\nodel, 258 nA
' 3D EEN ‘nodel, 380 nA

T [ g ", 30 FEM hodel, 350 nA
o :

.-.H nodel, 408 nA

- SEH, expitession, 58 nA

5EH expressio }\433 nA
% LY .

28 48 [1:]
Plunger displacement [unl

Source: Advanced Micro sensors
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DESIGN KITS FOR MEMS



Document Fabrication Process

m Creates HTML document from Process Description
showing materials used and a cross-section of each
fabrication step

Library BelERGGS
Edit Material Database
Edit Preset \Wafers

Edit Process Definition

Document Process

xport Process to EXCEL

ral Layers | Materials | Preset Wafers ‘ 3D Process Steps

0 Process Steps. |

Show Intermediate

Set 3D Area

Clear 3D Area

View 3D Model

View Cross Section
Defeature 3D Model

Delete Model
*| Export 3D Model

Fixed Thickness

Step Name:  Wafer

O

[substrate

[substrate

Fie ESt View Dww Cell Setp Took Window Help
DSESE Bl UM AT AL D Mo C|cRE|Ze | 8
A M @35 I [ROILD &~ ~|[peft >l ~

tA | 2zl - 0-|G kA kY] e

Process Documentation for: PolyMUMPs :

SoftMEMS
Date of generation: 03/23/17 16:53:32

Foundry: SoftMEMS
Author: SoftMEMS
Organization: SoftMEMS
Revision No: 1.00

Units System: SI

Units for steps: micron

Materials List

Substrate

Enable (=

s
A

is is 3 waft

Poly0
Metal

Poly1

52 Your Initials, Presentation Title, Month Year

b EEE B

Wafer Step
Deposit Poly0
Etch Poly0
Deposit Metal
Mechanical Polish
Deposit Polyl
Etch Poly1
Sacrificial Etch

Deposit Metal
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Design Kits

m Standardize information
exchange, even if not
for standard process

: —oundary :
m Modeling formats, besign Kits Design Layers
_ _ Design Rules
material properties, Process parameters
design rules - Process steps
Extraction rules
m Tech Transfer success - - Mask output

the more that is formats
documented the higher Statistical data

success rate

Restricted © 2018 Mentor Graphics Corporation Menbre
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Statistical Analysis

m Statistical analysis based P e el = s il Tl
SEEN

on process/mask variations et e e e e e j

llllllllllllllll
SPARAT CLOX1I=Ze—G6
FLRAM wOxXxZ=0.75=

— Incorporates statistical data

(param tPolyl—agauss (20030e—10, 87e—10, 1) )

from found rIeS [Piram tmerai-o.oa-o

*HMarcerial Propertcicss
SPLARLM rhoFolyd==2.33s3 &
=

— Monte Carlo, Yield analyses SRR

m Enables users to:
— Develop process corners for
simulation
— Design centering
— Calculate sensitivity

Density

Restricted © 2018 Mentor Graphics Corporation Menbra |
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Parasitic Extraction and LVS

m MEMS devices must be simulated with their environment
m Problems occur if details left out

m Parasitics in multiple energy domains:
thermal, electronic etc.

m Re-simulate after extraction of parasitics

m Create "multi-physics” netlist with parasitics included

* Circuit Extracted by Tanner Research's L-Edit V8.20 / Extract V8.20 ;
# TDB File: C:hDemo’Extract.tdd

* Cell: Celll Version 1.8

% Extract Definition File: mwumps.ext

* Extract Date and Time: 04/05/2002 - 15:53

............... T * NODE NAME ALIASES
............... B 1 = LEFT (56,318)
ol SRR | O : 2 7 RIGHT {236,309

3 = BOTTOM (156,267)
4 = TOP [157,365)

ZipringInst_1 5 m BOTTOM m 5_e BOTTOM e fspring L=0.000Z W=ZE-006 IC

O P

——1 s . KCombInst_1 6w LEFT m 6_e LEFT e comb W=4E-006 L=4E-005 GAF=3E-006
G —tee o o ... sight
- o oo ¥apringInst S5 m TOP m S5 ¢ TOP e fspring L=0.0002 W=2E-006 IG=1E-005
Leoc ] + Pt . .. rigqbt s = = = -
1 D = R = R CombInst 7 m RIGHT m 7_= RIGHT e comb W=4E-006 L=4E-005 GAF=3E-006
e e . atton n . attan_
P ¥PlateInst LEFT m RIGHT m BOTTOM m TOP_m LEFT e RIGHT e BOTTOM e
e e e hot ate.

* Total Nodes: 7

* Total Element3: 9

* Total Nuwber of Shorted Elements not written to the SPICE file: 0O
* Extract Elapsed Time: 0 secon ds —
-END

-

4| | LA

Restricted © 2018 Mentor Graphics Corporation Mer“or®

A Siemens Business

56 Your Initials, Presentation Title, Month Year



Design for Manufacturing

m Process and Mask Design
changes to Improve Yield

m Sensitivity-What parameters
need to be controlled?

m Design Centering- Variation
Tolerant designs |

m Design Optimization used to
generate layout that is most
tolerant

iw Cab

Spri

57 Your Initials, Presentation Title, Month Year

* ZPICE written by the Tanner Research schematic editor, 3-Edit
* Version 1 2.0 Beta 3 Oct 24, 1997 16:33:52
| . INCLUDE process .5p

| .peram springlength=optl(100e-6, 10e-&, 200

LINCLUDE reslib.sp Displacement
JOPTICHS abstol=3e-010 reltol=12-010 mumd=!
LAC dec 500 10000 100000 sweep optimize=opt!

print ac vmirtm) vpirtm)

Jaodel optmwod opt level=1 itropt=40
e ar res_freg vhen vplrtm)=-90 goal=

* Main circuit: Resonator

HConbl Gnd low ine lte comb NG=18 GAP=3e-00i
ECoubi Gnd rtm rtchias rte cowb NG=15 GAP=3:
EF3pringd Gnd botw gpbias bote fspring L=sm
EF3pringd Gnd topmw gpbias tope fspring L=sm
#Ma=s5 ltm rtm hotw topm lte rte hote tope |
v6 ine Gnd 0.0 AC 1.0 0.0

v7 gphias Gnd 50.0
v rtchias Gnd 0.0

* End of main circui
.END

s EYE:

Frequency (Hz)

)

4

t: Resonator

%
j

Layout Generation
ng Length = 113 um

—

I
Frequency (Hz)

T
2E4
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Tunable Filter for WDM Applications

m Tunable filtering:

— The distance between two mirrors determines the range of frequencies
that are filtered out

— The distance between two mirrors is controlled by electrostatic actuation

m Wavelength filtering: Certain wavelengths g g
are removed due § §
to interference

moving
/ electrode

Braga layere Y

ragg layers \

with different tunable S

refractive distance fixed

indexes electrode
silicon wafer

Restricted © 2018 Mentor Graphics Corporation Menblw
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Tunable Filter 3D Design

m Top electrode: metal ring suspended on three support arms

m Bottom electrode: polysilicon ring

m Top/bottom mirrors: layers of polysilicon, oxide, and nitride

top
top
Bragg
mirror electrode
bottom
Bragg __
mirror
substrate

bottom
electrode

Restricted © 2018 Mentor Graphics Corporation
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IC TOOL FLOW



Design Flow

S-Edit

Design Entry: |
ModelSim / Questa

Behavioral Simulation:
ModelSim / Questa

T-Spice, Eldo, Eldo RF, AFS

T-Spice AMS

| Synthesis: |
L-Edit, Interactive DRC, SDL
Place and Route: |
Calibre DRC, LVS, PEX, PERC

Functional Verification:
Optimus AMS / Formal Pro

Tanner Designer

T-Spice, Eldo, Eldo RF, AFS

L-Edit, SDL Router, Calibre, T-Spice, Eldo, AFS, ModelSim / Questa

Industry Initiatives

@pen Access

>XFAB

@ GLOBALFOUNDRIES

%‘N‘l:% Dongbu HiTek

NS : .
Semiconductor Business

ON Semiconductor

Restricted © 2018 Mentor Graphics Corporation
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Contact Information

m= Phone
— (800) 547-3000

m Sales
— TannerEDA_Sales@mentor.com

= Support
— https://support.mentor.com

m Website
—  www.mentor.com/tanner

m Corporate Website
—  www.mentor.com
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