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* Diseno y simulacion

* Software profesional

e Caracteristicas

e CoventorWare
e ACES




* Fase de diseno fundamental para crear un
microsistema.
e Diseno con simulaciones:

— ahorra lentos y costosos experimentos en el
laboratorio

— reduce el nimero de pruebas para un prototipo.




» Background del diseno asistido por
ordenador de Microelectronica

— Reutilizacion de los modulos fabricados en
Microelectronica.

— Entorno familiar para los usuarios de
Microelectronica.

* Simulaciones de leyes fisicas. Normalmente
con efectos acoplados.




* Dibujo de mascaras (layout)
— MEMSCAP

— Coventorware.

— Cadence.

« Simulacion de efectos fisicos

— ANSY'S Multiphysics. Método de elementos
finitos.

— Coventorware. MEF y otros meétodos numeéricos

* Simulaciones de procesos concretos




e Diseno y simulacion
* Software profesional

e Caracteristicas

e CoventorWare
e ACES




» Bases de datos con propiedades de materiales.

« Simulacion de efectos fisicos relevantes (analisis
térmico, mecanico y estructural, electrostatico,
electromagneético, fluidico, ...).

« Simulacion o base de datos con parametros
(limitaciones/tolerancias) de los procesos de
fabricacion.

e (Creacion de mascaras.
* Optimizacion y verificacion del diseno.




* Disefio y simulacion
* Software profesional
 (aracteristicas

e CoventorWare

— Flujo iterativo
— Architect
— Designer

— Analyzer
— System Builder

« ACES
B




entorWare

COVENTORWARE MODULES
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ARCHITECT™
Design and simulation environment

DESIGNER™
2D layout and 3D modeling

ANALYZER™
Detailed analysis (including FEM) of critical design areas

Coventor's comprehensive sulle
SYSTEM BUILDER™ of software tools for MEMS

Macro-model extraction design and analysis interact for
de=ign efficlency



COVENTORWARE'S UNIQUE DESIGN FLOW

Fully integrated MEMS
development tool for
seamless flow --

through

Concept

——
e
| ]

Fabricate

CoventorWWare offers a unigue
design and simulation front-end
that greatly improves the
chances of creating a working
design and reduces the total
amount of design time.
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» Editor de procesos

— Permite crear o editar una descripcion del proceso de
fabricacion.

— Provee de la informacion necesaria para crear modelos
3-D.
« Base de datos de propiedades de materiales

— El software incorpora un fichero por defecto que

incluye materiales comunmente utilizados para la
fabricacion de MEMS.

— Se pueden anadir nuevos materiales




» Simulador a nivel de sistema: basandose en
el comportamiento de un dispositivo
expresado en un numero reducido de
ecuaciones.

* Se trabaja con librerias de componentes
individuales que se conectan y configuran
para resolver la mayoria de problemas de
MEMS
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ARCHITECT SIMULATION CAPABILITIES

ARCHITECT Oiffgrs

Sensitivity analysis

= Design parameters.

- Material properties

- Manufacluring process lolerances
Parametric studies

- Acluation configurations, vollages, and periormance
- Frequency response
Electromechanical analysis

- Displacement (pull-in) analysis

- Modal analysis

- Transienl analysis

MENMS device interaction with

= Surrounding controf circuitry

- Packaging

= Other sub-systems




plo Architect (I)

ARCHITECT SIMULATION EXAMPLE RF SWITCH DESIGN WITH ARCHITECT

![LII% Actuation Pad j Coventori\are can be used o design and

1 | analyze the mechanical properties of RF and
microwaye M wits. This example
features a shunl membrane switch circuit over
a coplanar waveguide transmission line

1 As the meander width is
. increased the stiffress goes
o> Ilch od C&FN?H\FG Pad up, thus driving up the natural

| W e 'F’ﬁﬁﬂ o frequency of the device.
t - thickness o %

of switch N 3 — =

As the number of meanders
increases, the pull-in voltage
decreases due tc the
decrease In stiffness,

Resonant Frequency

108Pm NDZ2B

ARCHITECT provides very
ARCHITECT powerful parametric studies
pravides rapid : capabilities, Many different
& rformance - \ parameters can be varied in
236V paill-in z-:rluulst-un o = a shart amount of timea.

design _|l€|'3“'3” olssan’ The beaim highlighted in the
capahility i =
: MEMS dewvice is a spring
hinge between the switch
Layer 2 Parameters and its surrounding
structure. Varying the
parameters of the beam will
1 I - change the performance of

3 irrar-gle de hai i the swilch.

192V padih-iny o E A

: Schematic I 3




RF SWITCH DESIGN WITH ARCHITECT

Transient re sponse at a damping value of Z1uNimis
{m} - ts)
& o g a |z
Results of switch simulation showing
the effect of damping when the swilch
is releasad and bounces back fo '\
ady state.
i i T T
00w B0y 0001 00042 0004 0.0046
Hs)

Transient response ata damping value of Z1ubimis
{m) : t{s)
f'l_r\. —_— -
Results of gwitch simulation
showing switching time. It takes
abaut .00016 s for the switch to

close.

SENSITIVITY ANALYSIS WITH ARCHITECT

Freguency ws. Perturbation

ARCHITECT can analyze the

awitch wigth
~—=—heanm widih
=4=ba3m length
—4—alphal
—_—aiphaw

sensitivity of specifications of a device
lo various design parameters. This
example shows how the natural
frequency of a swilch is affected by
varying some of its relevant
dimensions. The red lines show the
limils of the design “in-spec”, The

beam lenglh can vary up to 10%
without the natural frequency reaching

oulside of specification. However, If
the switch width varies by 3% or mone,

the natural frequency falls outside of
the desired specification

Perturbation: Percenl change in the

respective parameter

Alphat Vs on in tr ckres s of the
meranders from one to the next

Alphaw: Variation in the width of the meanders

2.625!
0.0 80 100

7 =
150 20.0 25.0 30.0

from one fa the next

T T 1
35.0 400 450 500

MONTE CARLO SIMULATION WITH ARCHITECT

A Monte Carlo simulation
randomly varies multiple
parameters within their
respeclive, pre-defined
distribution functions. The
resulting curve will show
the statistical probability of
achieving certain results for
a specification in guestion.
A large enough sample set
will create a statistical bell
curve

This example simulates the
the distribution of power for
50 samples. The average
value is 3.3 kHz. With the
defined speciiication range
of 3.2 = 3.7 kHz; the yisld
wolld be about 56%
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LAYOUT AND MODELING IN DESIGNER

From DESIGNER., vou can
create a 30 model for selective
analysis, such as FEM/BEM
After refining the design, if
needed, seamlesshy create 20
layoul fles o export for mask
generabion.

Input from Architect
(GDSH, CIF, or DXF)

GDSI output for mask generation




T *El mallado automatico
: est4 optimizado para
MEMS caracterizando
multiples elementos y
permitiendo influenciar
el proceso.

*Puede generar diferentes mallas de elementos finitos
para las distintas capas del MEM.




DETAILED FEM/BEM WITH ANALYZER

Se lleva a cabo un
analisis detallado
después de realizar el
diseno 1nicial

EOVENTOM




 MemElectro (electrostatica)
 MemMech (termo-mecanico, estructural)
* CoSolve-EM (electro-mecanico)

« MemPZE (piezoeléctrico)

* DampingMM (rozamiento y elasticidad)
« MemETherm (dilatacion térmica)

« MemPZR (piezorresistencia)

« MemHenry (inductancia)

- MemOptics (difraccion Optica)




e SpringMM (muelles)

 MemPackage (efectos del encapsulado)
 MemCFD (fluidodinamica)

* FSI (interaccion fluido-estructura)

* NetFlow (transporte en diversos flujos)

» SwitchSim (flujo con campo electrico
pulsado)

* ReactSim (reaccion quimica)

* DropSim (formacion de gotas)




CREATE MACRO-MODELS WITH SYSTEM BUILDER

If you hawve created custom MEMS : ' :1
structures with DESIGMER, use SYSTEM g
BUIL[H-ER lo creats their ‘nan:r.l:- r'1{_1c..‘E:|5 for . z Fabricate
export into the ARCHITECT simulation :

anvironmeant,

Euild Design

Develop
Concept




* Diseno y simulacion de un microespejo
* Proceso de fabricacion

e Mascaras

» Simulacion del comportamiento

» Efectos fisicos acoplados




« Conmutador Optico, entre otras aplicaciones

e Actuacion electrostatica

support rod

alurminurm mirrar

electrod e

electrode




File Tools Help.
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[ Hew Material _*_[ Import Material "'lf‘ﬂ_pﬁ; Material | X Delete Matarial
[material SILICON ha
(Fab Process. Substrate
|Elastic Constants Elastic-Iso i Edit
. Density(ka/um®3) Constant-Scalar b d 2.500000e-15
I5tressMPa) Constant-Scalar 0.000000&+00
TCE{ ) Zaonstant-Scalar - 2 600000e-06
[ThermalCaond{piifumi) Constant-Scalar - 1 480000e+08
SpeeiﬁcHea@{erkgK‘,l Constant-Scalar - 7.1200008+1 4
. EIEctricEDrin![_pE_Ium} Constant-Scalar l 0.000000e+00
[Dielectric Constant-Scalar > 1.190000e+01
Viscosity(kaiumis) Constant-Scalar - 0.000000e+00

4

. FiezoResistiveCoefisi1/MPa) | Constant_Scalar Edit

Close | EI




ﬁ ﬁ SiM:
Deposit Planar 0.5 microns
FPolysilicon:
Deposit Planar 0.5 microns
Etch electrode + ‘ \ ‘ \

& m Palyimide:

Deposit Planar 2.0 microns




Etch rod support - | | ‘ \
Aluminum (Film);
Daoposit 0.5 microns
Conformal

Etch mimor +

Sacrifics Faolvimide




File Edit View Help
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Editor de layout

File Edit “iew Cell Object Modify Tools Generators Window Help
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(File Edit View SolidModel Mesh Tools Help
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=-®® Geometry

ER=1C0lid Model
3 Layer0(Substrate)
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=) Mesh Model
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ICx: 1

Mame:

!electrude_z

Material: |POL‘HSILICON

& Conductor

~Analysis Options

 Dielectric

Mesh Type |Manhattan bricks

[

Element order ¢ Linear @ * Parabolic @

¥ direction

Elernent size |2.5

O I Cancel ||z|

& Solid © Fluid Biastype  [Mone =]
150
V¥ Suppress, except for MemElectra Hi=e ratios .
-Geometry :
Eounding Box (Ui 3 -181.337987, -163 660 Mesh Type  [Tetrahedrons ~|  vadiection
Y. -181.337987, -163.660 Element size [2.5
Z 0510 Elementorder ¢ | é; o : éﬁi -
Volume (@ 74995038 : : k) ehalie Biastipe  [Mone =]
Centroid (um):  -172.489496, 172 4994¢ s 1\
o | | Element size  [4.0 i
A5 iHE ratin
—wolume Mesh .
Modes: 23 -
Elernents: 15 ¥ Generate mesh Advanced | ~Zdirection
Element Type: PARAECLIC HEXAHEDROR Element size ID_5
~Surface Mesh Bias type INDnE o
Nudee-:: 186 8] 4 Cancel | m (]
E{_g_ments_.: 46 N - Eiasiratio
ElEmEﬂt Type: PARAEOL'C QUADRILATER A 2v, w1 | | .
¥ Generate mesh Advanced I
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Cancel I E\
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File Edit iew SolidModel Mesh Tonls Help

FEEIEEEET L

————————————————— Sunmary: Mesh Element Aspect ERatio

humber of volume elements
verage wvolume element aspect ratio
inimum wolume element aspect ratio
aXimum wolume element aspect ratio
Summed wvolume element aspect ratio

[humber of surface elements

verage surface element aspect ratio
inimum surface element aspect ratio
aximum surface element aspect ratio
Summed surface element aspect ratio

2,83250513 [6,90%) FEEREREEARARAS

443

6. 7674
1.287127
16,8837
2987.946

495
2.55802
1
g.86794
1268.73

———————————— Histogram: ¥Wolume Mesh Element Aspect Ratio --—--—-————-—--
lhzpect ratio range [1.27127,16.8337] / Number of walues: 443

4, 30374455 [16,2%) 1FEEEER AR AR AR R A AR R AR AT R AR ARARR ARG
15,95495398 ([20,0%) tFrEE T AT E A A AR E AR AARAELAART LTS
17, 51622341 [20,9%) oo e ana e a RS AR AR R AR AR AR AR AR R A AR TS
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File Tools Help
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Solver: CoSolveEM

ModelMesh: cs_1_mirror_prebuilt mbif

Capacitance (pF)

electrode

glectrode? |
| -¥.37E3TYE-04

fritror

~Results Summary

Tables

Capacitance (pF)

Graphs |Displacements

Custorn Query ... |

-30 Results

Load Result |c5_1_mirrnr_pret:|uilt -] &|j

electrode 1.163735E-03 | -1.084966E-03
electrode? -7 37EETYE-05 1.1359657E-03 -1.061885E-03
rmirror -1.089966E-03 -1.061888E-03 2.151854E-03
Close |

electroBCs Yoltage &) Charge (pc)
electrode 1.000000E01 1.126850E-02
electrode? 5.000000ED00 4 940G04E-03
Frirror 0.0 | -1.620910E-02

Close |
‘mechDomain | fidaimLim | finirmuim I

Mode Displacement

7.0256104E-02

0.0

Close |

2]

MHode ¥ Displacement

5.831611E-04

-3.368897E-02

MHode Y Displacement

G.A41096E-04

-3.304879E-02

MHode £ Displacement

4.895700E-02

-7.024738E-02

i
X

FAlFUIEES o/0|x
renForces ] Fx ] Fy | Fz
end1 -7.412181E-02 || 7.568033E-02 | 1.00084%E-02
endz 7.562150E-02 -7.415342E-02 4.795595E-03
Close |
o o [ ] o [ ] [ ]




Resultados (II)
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Resultados (11I)
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Resultados (y IV)
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e Diseno y simulacion
* Software profesional

e Caracteristicas

e CoventorWare
e ACES




e Anisotropic Crystalline Etching Simulator

» Simulador de grabado del silicio. Trata las
diferentes orientaciones cristalograficas y
propiedades del atacante

e Método de sitmulacion basado en atomos.
Calculo dinamico para reducir el consumo de
memoria.




* Interfaz de usuario amigable
e Cualquier forma de mascara
e Tasas de grabado modificables

e Visor tridimensional

* Resultados verificados experimentalmente
 i{GRATIS!
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