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CORONA

CORONA project
Vision and aims
CORONA software tools
Process IP and know-how management
3D MNT design
Virtual Manufacturing

Process design kits



CORONA ¢

... Is the process of gradually turning the idea of a
technical device into a physical realisation.

... Includes both the design and the fabrication stages.

Specifying ,what to do* and
roughly ,how to do it"

Product Development

Project Management ¢

Specifying ,how to do it* Making sure
on a detailed level Jto do it well*



CORONA

A large variety of business models
From large IDMs to specialised companies
Distributed development and manufacturing

Different companies (or departments) at different locations
SME focus

Frequently SMEs involved with small development budget
Customer orientation

Only the customer knows product and constraints

But...

There is currently no appropriate product engineering methodology
and tools available to support these aspects.
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Benefits from MNT Product Engineering o® .

CORONAQ
@
= What can be expected from MNT product engineering?
100 %M. 3d . ..2nd 1st cycle product level
Shorter time-to-market: CORONA enables reduced

development times, shorter cycles
- reduced time to market

» Reduced cycle time

time

= Fewer learning cycles
Access to knowledge-bases on design and fabrication

= |CT based structure and tools

= Improved transfer of knowledge from design to production

Customer-lead multi-site product development



Value chain in MNT

MEMS
Device
Develop-
ment

Process
(Tech-
nology)
Develop-
ment

MEMS
Wafer
Manu-
facturing

MEMS
Assembly
& Test

Marketing
& Sales

CORONAQ




CORONA

ELVTS

B UNIVERSITY OF
» CAMBRIDGE

SCOTLAND
DENMA

CORONA:
" universit - NMP Project CP-FP 213969-2
SIEGEN 1 - 11 Partners all along the MNT Value Chain
- Project Duration: 01/07/2008 — 30/06/2011
- Budget: 4.36 Million €
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Workflow in CORONA

Methodology

Workflow Definition

Middle Ware
& Tools

Workflow/Designflow
Integration

Validation

by real-life business
cases
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CORONA Product Engineering Vision ,°® : .o

Customer CORONAe

AN )

Structural Behavioural Technology Process Fabrication
Design Simulation Constraints Design Feedback

Electronic Product Engineering Flow for MNT >
1 1 1 1 1 1

Middleware, Access Rights, IPR Protection |

3D-MNT TCAD IF Process Process vs PDKs for Process IP
With IC Modelling Layout MNT

ldea

Product
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Process IP

Customer ®
Generic Product Engineering Methodology >
Structural Behavioural Technology ‘ Process ‘ Fabrication
Design Simulation Constramts Des_gn Feedback |

v o Y

Network-based and dlstrlbuted PE flow

Access Rights, DRM, IPR Protection, Verification Services
1 1

Process IP Process Process vs
Modelling Layout

Customer-driven validation cases

ldea

Product
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Process development cycle

¢.\periDesk’ o

IDEA

NEW DESIGN

EXISTING
RECIPE

TRANSFER NEW RECIPE

DOCUMENTATION VERIFICATION

EXPERIMENT SIMULATION

¢,\periDesign@aperiFication@periSim@periLink @aperiShare "



Physical and Virtual Fab .°° o

¢.\periDesk” CORONﬁ.

IDEA

NEW DESIGN
pae o
TRANSFER NEW RECIPE
. 00 @ptriDesk’ g 0
Physleal Fab S0P 0 Vlrimal el
DOCUMENTATION VERIFICATION
A
EXPERIMENT SIMULATION

¢,\periDesign@periFication@periSim@periLink @periShare
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CORONA®

= A framework for process design verification and tracking

= @ periDesk’

Process Tools
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3D-MNT With IC

Customer ®
Generic Product Engineering Methodology >
Structural Behavioural Technology ‘ Process ‘ Fabrication
Design Simulation Constramts Des_gn Feedback |

v o Y

Network-based and dlstrlbuted PE flow

Access Rights, DRM, IPR Protection, Verification Services
1 1

1 1 1
Process IP Process Process vs
Modelling Layout

Customer-driven validation cases

ldea

Product




3D Schematic Editor for MEMS

« MEMS Design in 3D

Intuitive 3D environment for device creation

Based on validated MEMS component library

Parameterization of material, process and design

= Coventor MEMS+

hE-HR9C B F

- C:fsource/memsplus/trunki/sre/MEMSplus/iModules/Innovatorfunit Test/RFSwitch. 3dsch

Components

B R ADR X SA DA B

8B HRARL HH Y -

(=™ Components

== Beam.Anchor
== Beam.Actuation_Pad
== Beam. Separation_Beam

== Beam.Tip

Mechanical Co.. ” Electrical Co... Camp...
variables
Mare Value Exposed
T 273,15 [w] true
anchorLength 55 [ false
Anchorwidth 20[ ] false
ActuationPadLength 1o0[w]true
ActuationPadiidth 100 [i] true
SeparationBeamLength =] false
SeparationBeamiwidth 100 [ false
TransLineLenath g5 [ | false ¥
< | >

& A k|0 Geli[d
%At&’[ﬁ ﬁﬂScale

3-D view of RF switch in new 3D schematic Editor GUI (Graphical User Interface)

?’:_' Beam. Actuation_Pad Properties

CORONAO

Marne Value Units b
b3 155 urn ¥
¥ 0 um ¥
Yertical Offset 0 um v
[=- Lawers : toplyr w
undef uri
Layers @ sacr
Layers : pads
Lavyers : Substrate
[F EOpT
wifidth 100 U W —
v
[ [s]3 ] [ Apply ] [ Cancel ]

Layer Browser in a Property Window
of a Straight Beam Component

Name: Expression Units [ ]
(= Alurminum
visual Properties
= Material Type : Solid v
= Salid
Wafer Orientation : Euler Angles v
Density 2300 kgimtd v
Elastic Constants : Isotropic v
Prestress : In-plane Isotropic v
Stress Gradient in Z : In-plane Isotropi ¥
Thermal Coefficient of Expansion
Thermal Conductivity 240 WM v
Speciic Heat 930 Jitkg*k) ¥
Electrical Conductivity AT 166%T+268 Sfm +
Pizoelectric Coefficierts : undef v
Relztive Permittivity : Isctropic v
Plezoresistive Coefficients
Relative Permeabilty
Coercivity ajm
Saturation Magnetization T
Siah Tq
THERM_OXIDE
SILICON
Variables 8 X
Name: Value Exposed
T 273.15 [¢] frue
undef []False

Material Property Editor->



CORONA

Seamless Connection to IC Design
The MEMS designer transfers the model to the IC-designer
The IC designer does electronic system design

~> Virtuoso® Schematic Editor L Editing: MEMSLIb AccelerometerSchematic = 0%

Launch Eile Edit Miew Create Check Options Window Help cadence

. - E %» H:{» ng b2 3

maouse L: mousesSingleselectPt]) W mousePoplpg R: ddsOpenLibkanager))
(13| = | cradt: Sel: 0




Design of 3D MEMS with IC

CORONAQ

€ Assemble design in 3-D ©) Export MEMS model € Insert MEMS model in schematic o

ol —L s

@ Visualize simulations in 3D 6 Place MEMS pCell in layout 17
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Process Modelling

Customer ®
Generic Product Engineering Methodology >
Structural Behavioural Technology ‘ Process ‘ Fabrication
Design Simulation Constramts Des_gn Feedback |

v o Y

Network-based and dlstrlbuted PE flow

Access Rights, DRM, IPR Protection, Verification Services
1

Process IP Process Process vs
Modelling Layout

Customer-driven validation cases

ldea

Product




CORONA.

Virtual Fab
software

Virtual Fabrication

Rectangular
area of interest

Blank 2-D Iai’:lyou

ve wailter

HH |
oIIowmg reC|p | o

Processed
warfer
Sample, | Visualize,
image, image,
measure measure

19



How 1t works

GDSII Layout
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Iaﬁra Edt View Took Uilgws Helo ML
IR B R

Norbet [ S1ep Nane

i
_FFK bl 2l
{11 FINTEGRAM_FP¥._sinaks
SAM=tabLMF:

-1 &I PolhUMPs

-3 D sbrvicn Ny (100 S 1
PV Decostion 10m Siat
B LD Depslicn S ol
~£3Elch RIE B0rm Polv]

-3 ElchAIE S0 Pyl

-8 PEVD Depnslion Fhesphosiie
28 Elch RIE T20mn PE6
-2 Flch ALE 20000m P55
-~ ea e RIE 2000nm FEG

Siep blame |Eich RIE 20000 PSG =4 -8R PTVD Deposlion 21000 Po,
A -~ 24 Elch RIE 20000m Foly!
Al % ShagCu | gk
£+ Cuk Last Layer Conapletaly -2 Elch RIE 20000m Foly!
B8 LPTVD Depasficn Fheaphosiie

Digziateon Soelar ¥

 Deph - A8 ERhRIE 200nNPER
Hokalvae (2 ezt |

3D Modeling Engine

builds voxel models by
applying a sequence of
primitive operations

Voxels are 3D pixels

o b i £AEIchAIE 20 P -
il Sy = LIJ 4l | [

Customizable to
any process technology

CORONA.

Visualization

eane

Soma grach ]

# St SO{Rciease Etch]
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Use case example: X-FAB SOI .°°0

CORONA®

SEM image

images created with SEMulator3D

X-FAB uses virtual fab runs for...

= Customer support, marketing of MEMS foundry technologies

= Checking new designs prior to actual fabrication
= Process development

= Failure analysis

21



Example: Design Check - R .

CORONAO

Example: A design error that was caught before mask tape-out .

Metal

pspie

Top view of SEMulator3D model

Visual inspection of SEMulator3D
model showed isolation trench
structure would have been

improperly exposed to subsequent

Design Error

DRIE Oxide Mask




CORONA.

During development of X-FAB'’s technology, undesired pockets formed o
In mechanical layer during release etch

Example: Failure Analysis

Detailed 3-D process model of the
protective oxide layer confirmed the
hypothesis about the process failure:

The release etch for the movable parts
was etching through thin spots in the
protective oxide layer

3-D Model
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TCAD Interface

Customer ®
Generic Product Engineering Methodology >
Structural Behavioural Technology ‘ Process ‘ Fabrication
Design Simulation Constramts Des_gn Feedback |

v o Y

Network-based and dlstrlbuted PE flow

Access Rights, DRM, IPR Protection, Verification Services
1 1

1 1 1
Process IP Process Process vs
Modelling Layout

Customer-driven validation cases

ldea

Product




SEMulator3D and XperiDesk

. i i o ® ® .
Bi-Directional Integration

CORONA.

PQ Process Relations




- - - - - ®
Virtual manufacturing via simulation _e ¢ '.

S COROM v
\periSim ‘

x XperiDesk 2009.1 - Demonstrator process 2 {#13) ;lﬁlil B

File  Settings Help
Wi'e aa £ 0

[ Masksets \ o Meter x \l\* Temperature % \.&. Hydrogen (#4) = \% In sputtering (#1.,, x | M Demonstrator proc,.. \!
sew Tracking experiments \'\
| dele a P i \l\ ' Process flow - Demonstrator process 2 (#13)
Taols & M racess flows
x nes orEs @ within this tab process Flows can be edited.

2; Process steps \\ -&- IMaterials & Wafers \
Process flow " Flow Details ‘\\Model ', Dacuments ', Rights
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Demonstrator process 2 (#13)
Process flows Q o Selected fl 14
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PDKs for MNT

Customer ®
Generic Product Engineering Methodology >
Structural Behavioural Technology ‘ Process ‘ Fabrication
Design Simulation Constramts Des_gn Feedback |

v o Y

Network-based and dlstrlbuted PE flow

Access Rights, DRM, IPR Protection, Verification Services
1 1

[ [l [
Process IP Process Process vs
Modelling Layout

Customer-driven validation cases

ldea

Product




Design Kit Motivation ®

Design
Handbox.)éa({

Designer

. use tools to build a bridge

28



Enable MEMS Eco-System gt

CORONA.

© Facilitate communication between the distributed partners »
of the MEMS eco-system

Parametric
MEMS Design

Model
PDK Parameters

Layout Models

29



CORONAO

= Fab Less -> Theon -> Capacitive Accelerometer O

Validation via Business Cases

= Combination XFAB / ITE -> Technology design / Post Processing -
> Smart vibration detector

= University Cambridge -> post processing -> Life Science
= Integrated Manufacturer -> ELMOS -> Pressure Sensor System

MEMS Device lians MEMS Wafer et Marketing &

(Technology)
Development

Assembly &

Test Sales

Development Manufacturing

a > 4—>
Fabless House Assembly & Test
Theon Houses
ELMOS AP

Post Processing + MEMS Process
Development Specialists

ITE,UC
| | < >
(Wafer) Foundry Services
X-Fab
< . | >
Integrated Semiconductor / Device Manufacturer (ISM/IDM)

' ELMOS Group : 30
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CORONA Product Engineering Vision ,°® : .o

Customer CORONAe

AN )

Structural Behavioural Technology Process Fabrication
Design Simulation Constraints Design Feedback

Electronic Product Engineering Flow for MNT >
1 1 1 1 1 1

Middleware, Access Rights, IPR Protection

ldea

Product

3D-MNT TCAD IF Process Process vs PDKs for Process IP
With IC Modelling Layout MNT
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Contact

www.corona-mnt.eu e

CORONA.

J\/strﬂ)
anc
gerold.schropfer@coventor.com NG

Phone: +33 169298485 DENIZSE

 Faster product engineering
@ Customer-lead multi-site product

development

» Accessto kmwtltdg -tase on
design and processes
 Information and o
‘communication technology E

{ICT) structure and tools a A NMP project in
n

& European

o) Commission

o NMP2-51-2008-213969
é JNTITEL T,

e V05 |lIE] iy Recooren ggTheon genmms wllyms 3XFAB
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