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... 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*

Project Management

Specifying ,how to do it" Making sure
on a detailed level Lo do it well”
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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.



Benefits from MNT PE

CORONAQ
@
= What can be expected from MNT product engineering?
100 % &4..3d . 2nd 1st cycle product level
Shorter time-to-market: CORONA enables reduced

development times, shorter cycles
—> reduced time to market

= Reduced cycle time

= Fewer learning cycles time
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
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Management of Entity Rights ®® °e
@ \periDesk” CORONA.

x XperiDesk 2009.2 - Run 2 of Demonstrator process 1 (#2) = | Ellll
‘Settings  Simulation  Help

W2 do0 B £& @

M Masksets \'l &, Tracked ProcessF.,. % N *Run 2 af Deman:
2= Tracking experiments . R N
I & Madel a 7 fi ' Tracked Process flow - Run 2 of Demonstrator process 1 (#2)
x e \ Heepes i \ @ Within this kab tracked process flows can be edited.

O Processsteps | @y Materials &wiafers |
By usersacrops | @ Parametsrsaunts | | Q) General | o Relations | ) TrackedProcessflon & User Rights |

2. Tracking experiments - User rights
: | | i ; -

- [Tl Artefact Ceel Ri_gh_t:_ Llnsa.y Hefmiid
Loadinglob

- [l Assessment Marc Randal read ’
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- [ Lot

[Tl Maskset

Project

{2 M5 Dir

Tool

- [0l Tracked Process Flow

9 Demonstrator process 1 20058-04-15 11:59:51,087

9 Run 1 of Demaonstrator process 1 (#5)

»

Fun 2 of Demonstrator pre

Q Demonstrator process 1 2008-05-23 02 46:55.114
e e Demonstrator process 2 20058-04-15 14:58:00.676 Group rights
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i Hydrogen Search || |
- | -
Q, Process steps depositing certain material .

{35) wafer search results % \

Wafer search results

This tab shows the results of a wafer search,

Hame: | Wersion# | Description Created at changed at Authar Editar

L1_&-5i 3 1 2008-04-15 14:2.., 2008-04-15 14:2,.. Administrator Administrator

Searchresults 5

HperiDesk 2009.2 - [dortloff - Marc Randal]




ORONAe

= A framework for process design verification and tracking

Process Tools

Demonstrator process 2 ( =0l x| v . ®
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Desciption

Process Tracking

3, AZ5214 standard exposur]
&, A75214 std Development )
Q. D.1 Water Rinse [#1)
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Ways to build PKDKs AL
@ \periDesk” CORONA.

= Export experiment data from graphic view

x XperiDesk 2009.2 - Tracked Process Flow: Run 2 of Demonstrator process 1 ;I_D_ILI
File  Settings Simulation  Help
WO o ¥ £ 0
# Masksets \t ‘1«_ Tracked Process F.., % \
sia Tracking experiments
x Tools & Models \ 9 Process flows.
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@ @ 'Within this bab the relation graph of an entity is displayed.
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a 'J i TrackedPracessFlow [w]
Demonstrator process 1 2005 ;
; TrackedProcesssh
i 3 Demonstrator process 2 2008-04-15 14:58:00,676 tidaafidy i V]
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IS This tab shows the resulks of a wafer search,
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Li_a-5i_3 i 2008-04-15 14:2.,, 2003-04-15 14:2... Administrator Administratar
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Ways to build PKDKs
¢.\periDesk”

= Export search results

‘Settings Simulation  Help

W#O Bao

ORONAO

Tq'ﬂ Masksets \
s Tracking expetiments
xTooIs & Models \Il 9 Process Flows "\
$ Process steps ".I -& MaEani;aIs & Wiafers \'5

“ Users & Groups \,I * Parameters & Urits \ Q Details \\' Rights \

: 5 -
-, Tracked Process F.., @ ‘Wafers seen proce.., \

search - Wafers seen process step type

‘Within this tab vour search can be edited,

4es Tracking experiments Namg !Waf‘ers seen process step bype

= [ Artefact
L?-_}ﬁ Loading
& oms
- [ SEms
e[ ) SEMs L1_a-Si_t (#3)
[ SEMs L1_a-Si_2 (#3)
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- [l Assessment
m Expetiment
[0 Lot
[Tl Maskset
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manufackuring step but no CMP.

Type '] ‘ Q Segrqh‘__l Include all versions [ | e

Mot Processed by tracked step: Diesign pro

Praoce: d step: Desigi

Fig ‘ Editor
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comment

Selection

K3

(%) wafer saarch rasuls % \

e Wafer search results
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Design of 3D MEMS with IC

CORONAQ

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

e Visualize simulations in 3D 6 Place MEMS pCell in layout 14



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

<k Coventor MEMS+ - C:/source/mems plus/trunk/src/MEMS plus/Modules/Innovatorfunit Test/RFSwitch. 3dsch |E|E||g|
EERCEEXEE:

HPAECE0E ﬂl-o%'f&@)(ale"—“'.dhi'ﬁliﬂ?l. AwhD‘EEIEI
Companents Bt RA A 8% 2 - RMAYE B R s ¥

= -[: Components
== Beam.Anchor
'}} == Beam.Actuation_Pad
'}} == Beam,5eparation_Beam
Ho= Eeam. Tip

| Mechanical Co... | Electrical Co... | Comp..
Variables &|
Marme Yalue Exposed
T 273,15 [7] true
AnchorLength . g5 [ ] false
Ainchorwidth . 20 False [
F\ctuatiunli‘adLength . (o0 [w] e .
fctuationPadwidth | 100 7] true
Separai:innBeamLength 25 [ false
SeparatinnBeamWidi:.h . 100 fals= X
TransLineLength | 4|5 [ False » m'
¢ >

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

CORONAO

= Beam.Actuation_Pad Properties

Marne Walue Inits e
T 155 umn W
""" ¥ 0 U
wertical Offset a um W

undef urin %

Layers : pads
Layers : Substrate
[FEORT

- \Widkh 100 i W

<

[ Ok ” Apply ” Cancel ]

Layer Browser in a Property Window
of a Straight Beam Component

E3

Mame Expression Units
(=} Alurninum
- Wisual Properties
(= Material Type : Solid ¥
=-Salid
\WaFer Orientation : Euler Angles -
-Density 2300 kg/m™3 ¥
Elastic Constants : Isobropic hd
- PreStress ; In-plane Isotropic v
Stress Gradient in 2 ; In-plane Isobropi
~Thetmal Coefficient of Expansion
- Thermal Conductivity 2400 W) v
Specific Heat 930 kg™ v
Electrical Conductivity BT 2-186%T+2e0 Sfm v
- Piezoelectric Coefficients : undef A
Reelative Permitkivity @ Isotropic v
- Piezoresistive Coefficients
Relative Permeabilty
Coercivity Afrn
- Saturation Magnetization T

Siane
- THERM_ORIDE
SILICOM

Variables & X

Mame Walue Exposed
T 273,15 [#] tue
undef [] false

Material Property Editor 5



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 = |8 [%

Launch File Edit View Create Check Options Window Help cidence

i@ 4%9» \;(» :E»

mouse L: mousesingleSelectPt)) h: mousePopllpd) R: ddsOpenLibkdanager)
33| > | cmd: sel: 0




HEDORIS

CORONA.
EOUS &

rIENTED

SIMULATION

HDL-based
3D multimodule structures
Fast and easy thermal model implementation

Thermal device simulation

Verification of temperature distribution

17
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2. MATLAB LIBRARY
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4. TEMPLATE LIBRARY
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CADENCE
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-
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\_
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3. DYNAMIC
GENERATION
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MODULES
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APPLICATION
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e
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\
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6. CADENCE
THERMAL SIMULATION

Steady-State and Transient

~N

=N

J

il
h

CORONA

~

+ FEEDBACK TO THE DESIGNERS

7. THE SIMULATION
OUTPUT DATA
ANALYSES
(ITE developed)

« TEMPERATURE

* IN SELECTED POINTS
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DISTRIBUTION
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Design Kit Motivation

Design
Handbo%'5

5 | I

L r
At

! .
N

Designer ... use tools to build a bridge

20



Enable MEMS Eco-System «?” .

CORONA.

Facilitate communication between the distributed partners .
of the MEMS eco-system

Parametric
MEMS Design

Model
PDK Parameters

Layout Models

21



Process Modelling

Customer

CORONAQ

a \\

Generic Product Englneerlng Methodology

4
Structural Behavioural Technology Prooess Fabrication
L Design |_Simulation Constralnts Desdqn |_Feedback

Network-based and dlstrlbuted PE flow

Access Rights, DRM, IPR Protection, Verification Services

PDKs for 3D-MNT

MNT With IC

Process
Modelling

Process vs
Layout

Customer-driven validation cases



CORONA.

L
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Rectangular
area of interest

Virtual Fabrication

A . Actual Fab VZZ)L;?V{/ E’: raeb

ve warter thru i Aimic equipme
ollowing recipe ' build 3-D mod

Processed

wafer
Sample, Visualize,
image, image,
measure measure

23



Use case example: X-FAB SOI .°° °.

CORONAQ

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

= Falilure analysis
24



TCAD Interface e*® .
Customer CORONA.
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¢ \periSim _ yerification by simulation .°° °%

CORONAe®

| St a rti n g a X Create simulation run x|

Create simulation run

n n
s I m u I atl o n i x XperiDesk 2009.2 - Simulation Runs N ;IQ-_I.ZI
File Settings  Simulation  Help
X xperiDesk 2009.2 - test3 i =10lx|
i File  Setbngs  Simulation Help
WSO Ao £ 0
M Masksets \ £ Fromenade CK_Flow,. % \Sig'-n';jlati'un'ﬁmé x | test3 x \
&a Tracking expetiments
Hrookavodds | Epocessfions |
8o Pracess steps \l by Materials & Wafers \
‘ Users & Graups \ a Parammeters & Lnits \ Sirmulation run \DEtalls_:‘ @\ R"‘jh_.tﬁ)\

@ Process flows _ Marne ‘ File size | Changed at | Editor | Yersionad | Yersion | ‘Status. |-’OrlginMaGhihe

= [Tl Process flows simulation.lag 15 KE -2009-10-09 Administratar i 1

n
= C h e c k I n i (2l Cleaning Flawis result.str 39 KB 2009-10-09  Administratar O i
i e =p! sk r [clever.str] —

Simulation Run Detail Yiew - test3

Detail view of simulation run

& Tésc YT | o e Tl vindow
n { Plannec : = S .
Q Schreiden (#1) Active ‘B-pﬁ”t % H A A @Iﬁ” [ aa -’}-‘ |
previous runs 3 e e e =0
& [ solar = Scene H

- Coordinate system
01,
(i

03,

_2’ QSJIQ! Q?! @1;
0 .

Structure 3 4701
B i d, 4]
. [ Region #004
B sioz

© [ Region #002
- Siicon

© [ Region #000
B TH

02,

|

T ~[] Region #005

* Previous run T e o
details

= [0l Search

@ Hydrogen Search

Q, Frocess steps depositing certain material
@ test

&:l ‘Wafers seen process step type

Information

 Structure properties |
Layer properties \
visible ™~
I —
outline color (G-
Appearance  [None )
Transparency ——

HperiDesk 2009.2 - [dortloff - Marc Randal]




SEMulator3D and XperiDesk
Bi-Directional Integration

ProcessDala
3D Model

Vien Mouse Animation Help

Fle  Edit Vi Mc
PEHG 9 23 EARRAL baky b e

CORONA®
O

eeeeeeeeeee

Step 30(Save Model)

. B

27



Customer CORONA.

a \\

| Generic Product Englneerlng Methodology

Process vs. Layout

4
Structural Behavioural Technology Prooess Fabrication
Design |_Simulation Constralnts Desdqn |_Feedback

Network-based and dlstrlbuted PE flow
1 1 1 1 1

Access Rights, DRM, IPR Protection, Verification Services

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

Customer-driven validation cases




Cross Section Editor Prototype

Cross-Section

= Common Method for illustrating process capabilities

Cross-Section Editor

CORONAO
®

= Drawing support for typical cross-section geometries
= Prevents drawing of non-manufacturable geometries

Layer Editor 0.0.7

ect Drawing Component Workspace Setings Help

ﬁ E‘ E S i i | @ @\ Q\ Q | O.SH um  [Layer D Display Graph| Layer Model
antilever side | cantilever front | contact pad
10 11 12 13 15 16 17 18 18 20 21 22 23 24

4 s 78 ‘14
e o o o o o I o

%ﬂ@@@nﬂg”

| Edie

-8 —|

<1
13.5um x 3.0um Zoom: 100%

||| Merge
»

Message ["Status |
=5 CoT- T7000-25000) depti 1075

HEX
[_JTsoraung sturr -
.Pnl\'
'Sa(l’lhtlll
DSI on =
ial Options
aterial Properties
ate a nes aterial
lete selecte erial

1o be etched away

! Cantilever Base

Bgf Cantilever

Compenent Options

l il Delete |
| spiit |

<[] D

29



CORONAO

Physical Layer Analyzer

= |dentification and classification of

Layers

Topological Dependencies

Shapes IO

Modifications L\Q/J Mo =
= Structural Decomposition N
* Preparation of Layer Model (o NS :

Cut-Maodification
Shape-Modification

=

......................................

30



CORONA'®

®
Ol 19l00] 7

»oeewe
o YO0

Technology Recommender

= Defines Sequence of

Layer generation

Layer modifications

Lithography masks

* Prepares process draft

. h -= LUT- afion (170 000y depth: 1075
ubstrate = it ell = ontact = e way == Lal

al " C o
. quen ubstrate acity We ontact = > to = Canti ase => Canti
ProceSS DeSIQ n Sequence ubstrate => Capacity Well => to be etched away => Well Contact => Cantile ase == Cantile

Layout Modifications Visibility Order

block block

B b | || T ||pmpagate | propagate

= : = H t block
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Process vs. Layout ®® .

Layout Editor CO RONﬁ ®

= Layout editor with basic editing functions

= Goal: Linking layer model (analyzer) to physical layout
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