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International Technology Roadmap for

Semiconductors (ITRS), updated annually

Table 4: Packaging Challenges through 2007
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HIGH-LEVEL CHALLENGES AND

RELATED ISSUES
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ADDRESS THESE CHALLENGES
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Methodology of the NEXUS Roadmap & 1'

Identify functions in the application Identify current requiremen
areas, where MNT could add value and specifications
Forecast device trends Predict future
functionality
|
Identify key devices require . : —
i } Identify appropriate MNT
to guarantee the functionality solutions - e

Y = -

Create the Identify technological
ROADMAP < developments

Report

Source: NEXUS Association, 2000, 2003
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NEXUS Roadmap: Application Domalns;;Il

Overall (,Mega-“) Trends

Automotive ' Household '
Multimedia and Peripherals ' Industrial, Process Control .
Pharmaceutical ' Aeronautics, Defence, Space '
Telecommunications ' Lifestyle '
Medical Devices ' Environment '

Eiross—AppIication Componenta

Cross-application technologies:
packaqging. fabrication. design. modelling. simulation

Source: NEXUS Association, 2003
H e E |
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NEXUS Roadmap: Medical Appllcatlons';II

L
Device Roadmap for Implants
e 8 Remote
External communication (e.g. Blue Tooth controlled -
+ links to hospitals/treatment providers implants
Wireless data/powe Z Call for |
coupling -
MST sensors for int. use _Z ) ) —
e.g. gyro, acceler., pressur mpmtormg
implants Wireless data/power transm. .
: . 6 FES with
p-electronics for nerve detection T o ex-
New MST internal sensor .
. . ternal unit
Internal signal processing -
Power syst. for long term impJ« —

5 Active
implants:
electrodes/

3 Active
implants | new power/data

New MST p-pumps/valves

Implant development e.g. coupling meth. —
sensors
pacemaker .

intern. L -

Systems with p-trigger 4 FES with |

Reduced size power src. external

MST sensors for externa Biomaterials for sensors unit
Source: trigger

N D e P

MST power systems for

NEXUS Association external trigger

Miniaturized p-electrodes/

2003 cables

Biomaterials for coating

1 FES with

external

systems . . .
y FES = Functional Electric Stimulant

I I >
2002 2004 2006 2008 2010
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MANCEF International Micro-Nano MA NCE

Roadmap 2nd Edition, 2004 www.mancef.org

Contents

Executive Summary
Introduction

RF MEMS
Nanotechnology
MEMS Patent Review

Microtechnology Process Flows and Equipment
Infrastructure Equipment And Tooling For MNT

Status And Future Of Microsystems / MEMS
Foundries

8. MEMS Packaging and Assembly

Ok wbh-~

~

Source: Mancef, 2002, 2004
*l . |
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MIMOSA Integrated Project:

Ambient Intelligence Roadmap

F 3
Carbon Nano CNT switches
Tubes and oscillators
__________________________________________________________________________________________ -..
Micro mechanical| Real time clocks Clock oscillators Nano resonators as filters
resonators| (32 KHZ) (10 -100 MHz) (800 — 2,5 GHz)
........................................................................................... -
|1—_|: Phased array antennas (switch or tun.cap)?
Switches Tunable filters
& tu n.?ble | TIR switches?
capacitors
P Mode/band, PA, filter switches, impedance matching newtork .
Bulk Acoustic| BAW duplexers BAW duplexers
Wave devices|and filters = 1,5 GHz and filters < 1 GHz
.......................................................................................... >
_ Above IC Embedded MEMS/NEMS
Integration| propped on PCB
2005 2010 2015 2020

Roadmap of micro-nano HW technology for communication in Ambient Intelligence

www.mimosa-fp6.com

*I_I I
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ARRRO - Applied Research Roadmaps for ,I,R_)>RR°

RF MEMS Opportunities: Roadmapping process RF MEMS ROADMAi

B Define where we want to go

]
m Define a list of key capabilities: technical parameters [
relevant to assess the impact of the technology for each Extensive discussion "
app”cation_ with lead users ___
® Define objectives in 5 to 15 years with regard to key =
capabilities 7
B Define where we are today i
Desk research & interviews
B Quantifying performance / key capabilities today of RF with leading R&D groups s
MEMS as well as competing technologies (AeggeelanaligeEetialisen)
W Identify limits of technologies, options for improvements -
B Define how to get there Brainst_orming,
® Define scenarios for evolution of the technology definition of Sce”a”osi
. . - Validation of scenarios with =~
® Create single graphs roadmappings/ key capability lead users and R&D groups B
B Create scenarios for overall roadmap
*l . |
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ARRRO - example: mobile handsets

Key
requirements

Key capabilities

for RF MEMS

Key capabilities

for alternative
technologies

ARRRO

III

RF MEMS ROADMAP

(2] A -
nh ‘%A 'USJA .
s4 B s| &
Bl OB Tl
32| @] 5| &
G ol = B
=l 2 5 Steerable |antennas
§ RF MEMS pHhase shifter
2008 2022 Impedance Matching|Network
2 RF blocks Switch Tunable capacitpr
A >
—~A ~ o .
gt Z| z| & Band/mode [switching
7| =[CHE SP6T RF MEMS switch
o S 4 c
G = Ke)
2 3 _
e = Discrete Embedded NEMS
r oA ¥ 3G 4G
‘ ] . [ [
of 2| Gl Standards|  + MobileTV Ambient|intelligence
e ©
i) O
= 2005 2010 2015 2020
o
o " I N | F’
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Working
Group

EC Working Group on NanoManufacturing \\Q/

“Vision and Strategic Research Agenda” of NanoManufacturing forum

Micro- and ManoManufacturing —from Technology Materials to Application

« Strategy paper January 2006

* 1st Questionnaire and first evaluation Meeting [ o | Aomaie |
January 2006 8§ & E
m— Bquipment

» Expert groups: 49 experts and 6 coordinators )\

Micro- and Nanul‘u‘lanufacturmg

R kb
7 L \" ﬁ‘
N ‘| e -
- , = e ¥ In
: = "ﬁ ~3

A %’"

* Draft for 1st Input 7th framework - EC

Members of the working group
» 200 Persons (mailing list / member list)

LEADEREHP - Marralbae
Roaximapng Conkrrce

» 80 companies and research institutes
?—-?%’.r_ p-Sapient '-";'i-nlllm-. Micro- and Manotanufacturing corinagirg Corererce

&

* networks and projects are involved
« about 40 participants in each meeting www.nanomanufacturing.eu

*I_II o
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EC Working Group on NanoManufacturing @

A new Micro- and HanoMamufacturing community is ready to succeed

Realize vizion of future
hicro- and HanohbBnufactuning

CApSAPIENT /

= 18 project partners

i T
W Generating
LA Atk futher projects and Roadmaps /
MamaManufacturing -:urganizgticjuns |:L"_“_} Strategic
= 00 members Researzh
lr" | Agenda
CAIPMMAHM

= 13 project partners

Increasing amount of
industrid stakeholders

oty | . ) _ LEAD EREH P - Marwsubae
et p-Sapient T dpiMas  Micro- and Manobanufacturing Rm-uagﬁimrﬁ

-
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EC Working Group on NanoManufacturing

NanoManufacturing

integrated
platforms

meso/micro/nan§-

integrated
platforms

meso/ micro/

nano-
manufacturing
systems

meso/ micro/

nano-
manufacturing
systems

production/
functionalisation

knowledge
based
fabrication

bulk
integration

particles
production/
functionalisation

nanostructuring
and coating

bulk
integration

micro
assembly

particles
production/
functionalisation

2013
volume
production

2012
processes

functionalisation
/ nanolayering

technologies
meso / micro
components

2011

nanostructuring
and coating

micro-
assembly 2010
volume
production

processes

technologies
meso / micro
components

Micro- and NanoManufacturing Roadmap

NEXUSplus EC FP7 Workshop: MNT Roadmaps, Patric Salomon -
4M2C PATRIC SALOMON GmbH, Berlin -- enablingMNT Group
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EC 4M Project: Application Requirements a

for 4M Manufacturing Technologies .
Application requirement Perceived Importance "%a é@"
R cev

A Low cost / volume production K oF X!

B Interdisciplinary, design, and process/technology
knowledge

C 3D features, surface properties

Technology / maturity / standards

Function and physical integration

Quality/reproducibility/reliability

New/improved/multi materials

Integrated process chains

—|IT|{@IMM|O

Process / machine technologies

J Assembly & packaging

K Nano-micro or micro-meso integration

I Researchers =

A roadmapping study in Multi-Material Micro Manufacture. S.S. Dimov, C.W. Matthews, A. Glanfield, P. Dorrington. To appear ig=4

I Second International Conference on Multi-Material Micro Manufacture Proceedings, eds. W Menz, B Fillon, and S Dimov, Else

NEXUSplus EC FP7 Workshop: MNT Roadmaps, Patric Salomon b |
4M2C PATRIC SALOMON GmbH, Berlin -- enablingMNT Group




EC 4M Project. Importance
of 4M Manufacturing Technologies

Technology

Perceived importance

3D Printing

Milling

Powder injection moulding

Reel to reel embossing

Nanoimprint lithography (NIL)

Injection moulding

Nanoimprinting

Multi-component injection moulding

Laser ablation

Selective laser sintering

Metal Forming

Plasma machining

I Researchers

E beam lithography

A roadmapping study in Multi-Material Micro Manufacture. S.S. Dimov, C.W. Matthews, A. Glanfield, P. Dorrington. To appear i

. Second International Conference on Multi-Material Micro Manufacture Proceedings, eds. W Menz, B Fillon, and S Dimov, Else

NEXUSplus EC FP7 Workshop: MNT Roadmaps, Patric Salomon
4M2C PATRIC SALOMON GmbH, Berlin -- enablingMNT Group




EPoSS - European Technology Platform @E-Eﬂﬁi
on Smart Systems Integration R SR

TowarDs A VISION OF INNOVATIVE SMART SYSTEMS INTEGRATION

Table of Contents

HIGH LEWEL GROUP » BMEMBERS ...\ .o soceeceams s meassceessmes s s samsansamsensanmees s meessamsan s amsemsamsens sme 8
1 INTRODDUCTION oo eeccrecceamameess sameesmrens samsamsameesame e samsen samsamsanmse s amee s smsan s samsamsamsans same B
2 SMART SYSTEM INTEGERATION » AT & GLAMCE ..o e @
THE KEY FOR PRODUCT BNMOWATION oo e emn e e 10

L0 A I o R PRI PRI R ———— | -

=g p ] g ] 1 PN RN ———— | |

I it

EXERCISING QFTIONS - PROVIDERG SOLUTIOME ... v rme s s v s e s maa s s mmsamsam e T

DBJECTIVES OF THE EURDPEAN TECHMOLOGY PLATFORM OM SMART SYETEMG INTEGRATION ......... 32

STRUCTURE AMD GOVERMANCE OF THE SMART SYSTEM PLATFORM. ... 34

& L] =4 L] L5 £ ek

L LT L . |1 s

www.smart-systems-integration.org

*l_l I
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EPoSS

Evropean Technology
Prasiprm om S Syidems Integration

EPoSS - from the Strategic Roadmap
on Aeronautics
(draft)

tions
on of optical components
b-systems

-ss monitoring and control
ons
and actuators

er management
ontrol devices for power network

| 4

i
mm

........... Busguard

Busguard Busguard

e

2015
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Network of Excellence: Design for Micro “Sma\ pfn M’

NoE PATENT |, & '

& Nano Manufacture (PATENT-DfMM)" L
. [
DfM —yield enhancement, DfM — part count, assembly -
robustness, testability process, design methodologies n
Microelectronics Manufacturing =
Objectives: —
¥ Integrate European Research in DfMM
m Offer services to industry, especially SMEs: &
B Research type services an
m Databases: Failure modes, packaging and test solutions, etc. u
® Consulting: Improve production processes, test, yield, reliability, etc.
® Design services
B Subsystem development
® Training courses, education

www.patent-dfmm.org

*I_I I
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-\ Hfpna PATENT-DIMM Project:

NoE PATENT PaCkaglng Road map

1 - Constitution of High Level Challenges and Related Issues Table

- Questionnaires + browsing through existing
deliverables from the project

- 1St workshop (30 experts, half industrialists) at
Heriot-Watt in February 2006

2 — Constitution of Technology Requirements for selected Challenges

- Choice of a High-Level Challenges by experts
- 2"d workshop at Fraunhofer IZM in June 2006

~. 3—Write - up Roadmap

e
= -
e = T
—-L
——,
(S)horthle (. . RF |
Summary of issues diumi(Long E"m"ﬂ”” MOEMS |
term Both
Reducing costs of packaging MIL H Both
Integrating active and passive
grating 3 Iv] H Both
Cormponets
]:!E\-'eb:upment.fmteg;ratmn. of rewr rnaterials for M H Both
higher resonant frecquencies
Technologies that allow in-package tuning of
EF dewices M H RF
M H RF
e i o
E!we];:upment.l'mtegmtmn. of newr materials for M H Both
higher resonant frequencies
Techriologies that allow in-package tuning of
EF devices M H RF
Swrface treatrent of stractures to prevent o H EF

molecular absorption

NEXUSplus EC FP7 Workshop: MNT Roadmaps, Patric Salomon
4M2C PATRIC SALOMON GmbH, Berlin -- enablingMNT Group
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- MM PATENT-DMM Project

NoE PATENT |, &

Short term

2006 2007

I larket drivers

X

2012

Packaging Roadmap

Middle term
2008 2009 2010 2011

Long term
2013 2014 2015

Challenges
metrics

PATENT-DfMM paper studies / Roadmapping

sessions

A
4]
_-‘;.E; E Low cost WLP Improvements in Improved Future
ol CAD/Modelling reliability packages
° f \ b A
> /
28
E.*. @ Patterning capabilities Definitions of
g_% for getters | \ | safety margins
2 = standard for hermetic
packaging for micro-cavities
o
=
®
i Access to toe-

dipping finance

Interviews IAB members Ty ——
WLP service

NEXUSplus EC FP7 Workshop: MNT Roadmaps, Patric Salomon
4M2C PATRIC SALOMON GmbH, Berlin -- enablingMNT Group
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- DfMM  pATENT-DfVIM Project: Lill —

NoE PATENT 4
*—L:

Next Roadmapping Activity (Sept 2006 — March 2007):

Design, Modeling, Simulation Tools
Workshop: 25-26 Jan 2007, Berlin

W User needs

¥ Tool company plans / roadmaps

- Research/development needed to improve software i
- New projects / Funding needs

Contributions/collaboration needed for Roadmap: e

B (Industrial) users of software tools (fabless designers, integrated o
manufacturers, etc)

W Suppliers/vendors of software tools
B Existing roadmaps/reports: Mancef, MIG, NEXUS

I A

Contact: Dagmar Peters (Univ. Bremen), Patric Salomon (4M2C / enablingMNT"
*I I |
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Other Roadmapping Activities _.:
® ENIAC wafer technology roadmap o —
® Nanoroadmap (NRM) Project -
® NanoRoad SME project =
B Microfluidics roadmaps —_—
" efc. & —

*I_l I
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European Technology Platforms (MNT) ;1 #

B EPoSS: Smart Systems Integration

B MINAM: Nanomanufacturing (within
Manufuture Platform)

B ENIAC: Nanoelectronics
B ARTEMIS: Embedded Systems N
B Photonics21 .
B Rapid Manufacturing >
B Medical...
M more...

| 4

*I_l I
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D\ DFVIM

MNoE PATENT |

THE MEX LIS
Product-technology
Roadmap

for Microsystems

JA=S
& e o
IR

Strategic
Role

L
o

HEXLIS
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Supply Chain for MNT-based Products L’__;

.
Technology Market .
Roadmap Forecasts
I
SERVICES STRATEGIES -
Design & General Characterisation & Product Roadmap & [
Engineering Consulting Test Strategy
Research & Manufacturing Packaging & Marketing & |
Development (Foundries) Assembly Sales Strategy
R —
© DEVELOPMENT & MANUFACTURING OF MNT-BASED PRODUCTS g
Design & Equipment Patents & Education & Standards & -
Modelling Tools IPR Training Certification
Materials Financial Government Networks, Alliances &

Resources & Strategy Strategies & Funding Associations

Social Implications,
Society Acceptance &

Source: enablingMNT Review Series, 2003/2006 Ethics

*I_l I
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Further Information =8 e
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[
. I
Patric Salomon o
4M2C PATRIC SALOMON GmbH, Berlin, Germany =i
-- enablingMNT Group -- =

E-Mail: Patric.Salomon@4m2c.com S

www.enablingMNT.com

NEXUS Roadmap Report -

NEXUS Market Analysis (also
available on CD now)

MANCEF Roadmap
enablingMNT Reports

*I_I I
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