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MEMSLand

Company Timeline

Spin-off Philips
¢ Since independency many dynamic developments:

- WaferOptics® program launched as major thrust

| 3 - New management:
» 2008: Gert Jan Bloks (CEO)

Creation of business in
consumer products within » 2009: Eelco Goetsch (CFO)
Philips Creation of separate IR .~ Spin-off ’:'
business unit within ~. pin-0 |
Philips Launch-Anteryon Philips !
1

within Philips !

2000 2001 2002 2003

1987
1985-1990 l
D_eV(_anpment of Start
replication technology WaferOptics®
Barcode scanner WaferOptics® mass
CD/DVD optics optics Optics for telecom production
switching
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. 3D display optics
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Aspherical Lens and Laser Modules MEMSLand

Glass Replica Aspherical lenses
Spherical glass body
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Mold Liquid polymer

Replication process of an  asphere or acylinder,

Laser modules

Aspherical lens
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pheric or cylindric surface

Integration

Anteryon
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WaferOptics ® Integrated Lens Stack MEMSLand

Traditional WaferOptics ® ILS
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Business Carrier : Mobile Phones MEMSLand

Proj T TR Projected mobile phone camera module market size (million lens

stacks)
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WaferOptics® Production flow MEMSLand

Stepl: Optical wafers (by Replication) Step2: Bonding

v o N
e

Substrate Product Lens
= N T I ' wafer 1
Mould UV
Photo Polymerization (2P) Spacer
Lens
wafer 2
Step 3: Inspection
spacer

v
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Q2 2009 : Start Volume Supplies MEMSLand
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Mapping local Z variations : FFL mapping VIENVISLand
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Wafer Optics® = Optics + Wafers + Packaging Cm
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Packaging :From top cap to encapsulation MEMSLaVEMSLand

Wafer based
overmolding

Classical Camera Lens

Overmolded Integrated R
and Module assembly > g >

lens stack on lead frame
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Activity flow

MEMSLand

Anteryon’ M

Integrated
lens Stack

Anteryon

__________________________ - Technologies:

Micron level Position Accuracy
Precision Assembly
Preserve ILS specs/after encapsulation!

Film Assisted Molding technology
Molding Compound materials
Clamping mechanisms/tools

Optical integrity test through:
MOLDING PRINCIPLE Focus |ength (EFL’ BFL)

‘ MTF function

Visual Quality

Packaging integrity:
Delamination/cracks

Adhesive materials
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Interconnection and assembly MEMSLand

)

SOLUTIONS

SUMMARY ASSEMBLY TECHNOLOGY:
MA3 Solutions Epson robot glue stamping
process.

Assembly parameters, pressure force ,
adhesive thickness, UV intensities, shear
strength

Optimization through

Failure modes in overmolding process
Adhesive curing system

Surface energy improvements with Anteryon.
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Molding Process

MEMSLand

=
boschman ;] ABos Oct-15-2007

Anterion lens molding

MOLDING PRINCIPLE

Shim

Top mold

o

/ Mold msert

Mold cavity

Film

Lens
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MEMSLAND Expectations (Aug 2006) MEMSLand

*Proof of Concepts based on MEMSIland demonstrators as starting point for new development
programs

«Capability of Wafer Optics® Technology in hybrid MEMS packaging.

sUnderstanding potential of solutions offered by MEMSIand partners

*Design rules, process parameters and test criteria compatible with main stream MEMS
process platforms and production standards .
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MEMS Packaging Requirements MEMSLand
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LCeci nest nas une fufle. This is not a MEMS

Rene Margritte

However...

Hybrid packaging issues, tolerance controls and reliability issues are the same!

Control CTE mismatch , stress, hermeticity, moisture sensitivity , outgassing

It allows the attachment of electrical connections, fluid ports, fibre optics, etc, with
minimum interference from stray signals, or noise in the environment.

It may also need to protect the device in harsh environments (reflow) , preventing
it from
mechanical damage, chemical attack ,or high temperatures.

Packaging is still >60% of the costs of a MEMS solution
—?a[“e[yo" Closing Symposium Dec ,03 2009 %%%-% pOlnt. One
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ILS (VGA) specs after Film-Assisted Molding: MEMSLand

1.Form Factor:

e Sizes 3 mm x 3 mm x 2,2 mm (2006) shrinking to <2 mm x 2 mm x 1.5 mm in 2009.
« Accomodate z-height variations up to + 25 microns for overmolding .

2.Packaqing integrity :

*No delamination, cracks or intrusion of molding material.
*No stains, condensation, particles, scratches on outer and inner lens surfaces

3.0Optical inteqrity:

* MTF performance according to graph.

*Back focal length : £ 5 micron.

* Max XY deviation optical axis 20 micron ILS to CMOS.
*Max XY deviation optical axis < 5 micron within ILS.
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Size reduction MEMSLand
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First design (2006) on LF Final size in 2009
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First runs @ 50 bar /180 C VIEMSLand

Positive:

Lens surface remains clean, No penetration of compound into lens cavity.
No cracks in glass

Negative:

Delaminating in glass and at glass replica interface.
Edge cracks emerge at higher pressures

Bleeding starts at lower pressures

Glue layer starts “floating” at temp > 90 C

AT RECETPT AFTER MOLD CLAMPING AFTER MOLDING
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FEM Calculations (TNO) MEMSLand

Results

Deformation — Stress distribution o, [MPa]

(Deformations 10x enlarged) Equivalent (Von Mises) stress , prr
distribution after cool down T FEE

The observed cracks/ delaminations were modeled according to a 2D Model
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Adhesive interfaces MEMSLand

%

Weak adhesive interfaces within ILS revealed in molding tests
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Adhesion improvement task force MEMSLand
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Assessing critical glue layer thickness

MEMSLand

Adhesive force vs glue layer thickness

I
]

L
n

L

[9N]
L

+
AL I )

[
n

A W

oo ook % § 4 4

B i $E

#
L

L, ]

=
n

el

LR L LR X L

+« Spacer plate broken

Adhesive force measured (N)
b
i

=
i

= Lens plate loose from spacer plate

0

JAnteryon

0,000 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008 0,009 0,010 0,011 0,012 0,013 0,014 0,015 0016 0,017 0,018 0,019 0,020

_*IIIICIYUII

Glue layer thickness between Lens and Spacer {microns)

i
Figure 3: shear force test setup
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2008: New SMIA standard : New lens molding trials MEMSLand

' |
= Y Lers stack
f
_;___ 1\ / _____ Orientation
) / ‘ Marking
f + TA ------
X : X_ptCh BGA Solder Balls
| gl PO O00000C
] ]
: : 32.5mm Lens surface sub
‘1 flush to top of module
y—ptch body
QGass substrate 5.3 Size Options
(Dj'n'w V\afe’) The key dimensions of SMIA++ module outlines are shown in the table below.
""“ Name Length Width Height Option 1 | Height Option 2
1 (
{ )
:‘ ’: SMIA35++ 3.5mm 3.5mm 2.5mm NA
25mMm ! SMIA45++ 4.5mm 45mm 3.6mm NA
SMIAS5++ 55mm 5.5mm 4.6 mm NA
]
boschman ¢}
i) L]
, : chi2
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Molded lens panels MEMSLand

V4.31 molded panel V6.2 molded panel

A.Bos Sept-28-2009  boschman E]
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Inspection results after molding MEMSLand

Film imprint visible in the molding
compound resulting from individual
lens stack height differences.

T~

No film imprint

Closing Symposium Dec ,03 2009
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Image from molded ILS MEMSLand

“Labbench” imaging test bench Image using larger sensor

Closing Symposium Dec ,03 2009
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Summary MEMSLand

Optical
*Clean lens surface with Boschman Film Assisted Molding.

* Images are intact after molding

Packaging

*Adhesive interfaces within ILS improved to resist Film Assisted Molding.

*Reduced Mositure Sensitivity. level assessed and eliminated with new Anteryon resin.
sImproved dicing proces

Overmolding Process

*Variations in stack height are a limiting factor. Allocated in ILS roadmap.
Compound requirements set.

*Cost benefits assessed.

27
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MEMSLAND Expectations fulfilled? MEMSLand

Proof of Concepts based on MEMSland demonstrators as starting point for new development programs

«  Sufficient evidence at feasibility level. Overmoulding is now part of Wafer Optics product and Roadmap
and will result in new programs.

“Understanding potential of new and unique solutions that can be offered by MEMSland”

* As an optical company, Anteryon learnt a lot from the MEMSIland environment, especially from
mechanical packaging. Contributed to —at least- one year in time to market

“Design rules, process parameters and test criteria compatible with main stream MEMS process platforms
and production standards” .

»  Contribution to molding and optical material, and adhesive selection and evaluation.
* Assessment of MSL levels.
 FEM based mechanical modeling is in further development.

General Aspects:
1. Progress of the work

«  This program runned in parallel with a multimillion wafer based optical product & process development
Delays mainly caused by design changes & miniaturization of ILS itself.
ILS Product was not mature till 2009.

2. Co-operation between partners within the reviewed project
. Positive. Anteryon is already preparing follow up programs with existing partners.

3. Competitive situation
»  Strong Business Case and Customer pull. Few competitors. “
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