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Mission Statement:

The short-term goal is to promote scientific understanding, create
modeling tools, and develop material characterization metrologies to
increase yield and performance of hermetic packages while
decreasing cost. The long-term goal is to provide fundamental
understanding that will enable COT member companies to develop
low-cost, reliable, near-hermetic packaging.
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Proposals

Publications

Conferences

Consortium

Alliances

Accomplishments

Submitted proposals to NSF, PDG, PITA, and SRC
Over 10 proposals submitted

Published papers in peer reviewed journals as well as
conference proceedings:
Over 20 papers in 2004

Organized IMAPS ATW on Optoelectronic Packaging
4th time in Bethlehem, PA.

Recruited HDPUG to join COT
Interacted with at least a dozen PA companies

Used HDPUG members as sounding board
OPTIPAK (Israel), COPA (Canada)
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A Typical Optoelectronic Package



Uniqueness of Optical Packaging

Optical Packaging

Short term failure
 Manufacturing yield
o Infant mortality
term failure




Optical Misalignment

Tesing
Y

Yield reduction “Infant mortality”

Adhesives: the main factor to module instability and
misalignment loss

Low yield and throughput major contributor to high cost of
modules

Cost especially important in metro where most growth
and high volume production is expected



Optoelectronic Packaging Thrust Group
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Last Year’'s Packaging Efforts

TASK 1 Assembly of Optoelectronic Test Vehicles
(Tom Green, Northampton Community College)

TASK 2 Adhesive Development, Characterization, and Modeling
(Ray Pearson, Lehigh University)

TASK 3 Solder Development, Characterization, and Modeling
(Mike Notis and Rick Vinci, Lehigh University)

TASK 4 Thermal Management Modeling and Verification
(Herman Nied, Lehigh University)

TASK 5 Dimensional Stability Modeling and Measurements
(Joachim Grenestedt and Arkady Voloshin, LU)

TASK 6 Optical Performance and Fiber Alignment
(James Hwang, Lehigh University
Clive Randall and Mike Lanagan, Penn State University)



This Year’s Packaging Efforts

TASK 1 In-Package Fiber-Alignment Approaches
Hwang, Nied, Pearson, Tatic-Lucic, & Vinci - Lehigh University
Lanagan, Randall, and Uchino, Penn State University

TASK 2 Near-Hermetic Packaging
Coulter and Pearson, Lehigh University

TASK 3* Adhesive Development, Characterization, and Modeling
Hwang and Pearson, Lehigh University

* This project is winding down



Highlights - Adhesives

Dynamic Mechanical Analyzer

e Loading: 1 mN to 10 N
 Displacement range: 25mm

» Geometry. 3-point-bending
e Frequency: 0.01to 200 Hz

e Heating rate: 0.1to 10
°C/min

e Temper ature Range: -
145°C to 600 °C




Highlights - Adhesives
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1.00E+02

N ——

| — 30 (
1.00E +0: — 60

/ 80 (
—100 ( / =
1.00E+06 | _M 110 ( |y ESIIOOS N
| =120 (
‘ =140 (
1.00E-0% . .
10 100 1000 10000
Time (se
3-Point-Bend Tests Higher Tg and greater
Step stress < 4MPa The UV Cured GDOXy CreepS IeSS crosslink density improves

1 hour soak

dimensional stability




Highlights - Solders

Nanoindentation

 Loading: 1 mN to 10 mN
with 100 nN sensitivity

e Tip displacement: 5 mm full
scale with 0.2 nm sensitivity

* |ndenter geometry: Three-
sided pyramid (Berkovich),
150 nm tip radius

e Heating stage: 15°C to
150°C

 Imaging: Coupled to atomic
force microscope (AFM)




Microstructure of Au-Sn Eutectic Solder



Transient Creep for Sn-based Eutectic Solders



Highlights - Dimensional Stability

Bench should “frown”

upon cooling.

_ Epoxy Layer
‘Optica Bench’ ~ 50 microns thick
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Highlights - Dimensional Stability

‘Optical Bench’ Epoxy Layers ‘Optical Benchr Epoxy Layers
1-50 micronsthick 1—50 microns thick
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Highlights - Dimensional Stability

Thermal Cycling of BrasyInvar Test Vehicles

Warpage Before Warpage After
Sample# (M) Temp Cycle Type (m)

BI-5 253 23 10 cyc 25-0 228 5.7
Bl-6 264 14 10 cyc 25-0 289 10
BI-7 217 10 10 cyc 25-100 200 26
Bl-8 332 02 10 cyc 25-100 295 21
BI-9 238 12 10 cyc 0-100 279 27
BI-10 317 07 10 cyc 0-100 30.7 05

Brass (2mm thick, 10 mm wide)

Change in warpage often with the scatter of measurements.



Highlights - Dimensional Stability

New Test Vehicle design is more sensitive!
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Highlights - Thermal Modeling
THERMOELECTRIC COOLER - TECHNICAL ISSUES

Deformation result of temperature difference
between the hot and cold side results in
misalignment of optical components.

Additional distortion due to non-uniform heat

generation (laser) on the cold side.

Reliability concerns:

1) Residual stresses (introduced during
assembly)

2) Thermomechanical stresses (during usage,
temperature cycling, etc.)

3) Inertial (impact) stresses can lead to failure
of TEC elements resulting in catastrophic
failure of the device.




SIMULATION OF TEMPERATURE DISTRIBUTION FOR BIASED TEC



Highlights - In Package Fiber Aligner



This Year’s Packaging Efforts

TASK 1 In-Package Fiber-Alignment Approaches
Hwang, Nied, Pearson, Tatic-Lucic, & Vinci - Lehigh University
Lanagan, Randall, and Uchino, Penn State University

TASK 2 Near-Hermetic Packaging
Coulter and Pearson, Lehigh University

TASK 3 Adhesive Development, Characterization, and Modeling
Hwang and Pearson, Lehigh University



In-Package Fiber Alignment

e Edge Emitting Lasers
— MEMS-based fiber aligners

* Vertical Cavity Surface Emitting Lasers
— Piezioelectric-based fiber aligners



Fiber Alignment

X and Y-axis. 2um tolerance for 0.5 dB additional coupling loss with
Z-axis having a higher tolerance of 8um



MEMS-Based Fiber - Aligners



MEMS-Based Fiber - Aligners



MEMS-Based Fiber - Aligners



MEMS-Based Fiber - Alignhers
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MEMS-Based Fiber - Aligners

Have contracted the services of the
“MEMS Exchange” to re-engineer
the MEMS-based fiber aligner.



MEMS-Based Fiber - Aligners



MEMS-Based Fiber - Aligners



MEMS-Based Fiber - Aligners

Force and displacement
characterization of in-plane actuator

FEA Modeling of in-plane actuators
CAD mask layouts complete

Process description complete

Several new concepts on drawing board



Fiber Alignment in VCSELSs

Top view showing the VCSEL

Optical Package Development Contacts and optical fiber
at Nokia
Layer

Alignment

M. Karppinnen et a., |EEE ECT Conf. Proc. 2001

100 um



VCSEL ON-BOARD FIBER ALIGNER

RECENT PROGRESS

* Piezoelectric Benders for Fiber Alignment

— VCSEL to Fiber coupling using piezoelectric bender
— Coupled power measurements

 On-Board Piezoelectric Motors
— Finite element modeling to optimize motor design
— Measured motor characteristics
— Designed uniaxial alignment stage
— Demonstrated uniaxial stage motion

« DAQ Station
— LabView Driven Experiment Control and Analysis



Fiber coupling using Piezoelectric Benders:

LTCC Alignment Module Piezoelectric Benders to Position Fiber
VCSEL
Laser Diode
T Coupled power results
Optical

Fiber



Development of Piezoelectric Motors for
Optical Fiber Alignment

Piezoelectric motors
utilize a mechanical
resonance to create
linear motion Piezoelectric Motor ="

L-shape motor design
— Flexible drive
— Single drive element

— Bi-direction motion from
a single drive element

Optical Fiber
Ferrule



Rapid Collection of Vibration Amplitude versus Drive Frequency and Phase
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Improving Near Hermetic Plastic Packages

Task Objective:
Partnered with a leader in the field,

RJR Polymers, to develop hollow-
cavity plastic packages.



Full-Her metic?

Today’ s dependable
but expensive solution

The Basic Question

Non-He metic?

P/ B\ N
b 3

Overmolding
coversthe chip

Not applicableto optics
* not enough protection
* no optical path
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Near-Her metic?

e Lower cost
e Cavitiesavailable
e Low Leakage

o Efficient mfg.



Injection Molding Process

* Insert molding is mature
 Leadframe format is efficient
e EXxcess material is reused

» Package covers are made by
same process



LCPs are Nearly Hermetic

RJR Plastic Alloy HTP-1280
Excellent molding properties
Low moisture transmission
Low moisture absorption
Recyclable thermoplastic

Chemically inert
— no halogens

— Not affected by: Water, Acetone,
MEK, Methyl celusolve, Hexanes,
(Sulfuric Acid, Nitric Acid, and HCI)

as used in electroplating baths. L | ke Gl ass




Controlling Diffusion Paths

Sealing Epoxy YA Lead Primer



Sealed Package Testing

 Known leak tight packages assembled with dew point
sensors in internal cavity

— sensors capable of measuring —40C dew point
o Sealed packages will be monitored over time in
various environments
— ambient temperature and humidity
— ambient temperature and high humidity
— high temperature and high humidity
e e.g. 85°C, 85%RH
 Resultant data will enable prediction
of package performance over time



Sealed Package Testing



Double Cantilever Beam (DCB) Testing
Typical DCB Analysis

P.,a Of €ach loop

_ 471

"B Adhesion of epoxy to glass

e P = max load
242
G = 12Pa « a = crack length
e — 213 W = specimen width
W h'E  h = beam height
« E = Young’'s Modulus



Evaluating Test Vehicles

Task Objective:
Ted vehicle assessment are enablers that allow us to hone our
modeling and characterization capabilities.

‘Optical Bench' Epoxy Layes1—-50 ‘Optical Bench’ Solder Layers1—-50

micronsthick micronsthick

Focusing Lens Collimating Lens

J Fiber
Sour ce
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Evaluating Test Vehicles

— Phase 1
Phase 2 <
» Phase 3

Assembly of Optical Test Vehicle



Reflection Technique

All componrents are mounted on an optical bench. I n addition, proper optical
alignment is ensured by the use of an alignment target/mirror

Laser Source
_ B _
Alignment Sample
Target/Mirror Holder

Reflection Target




Reflection Technique

Any rotational change in the position of the optical element will be
observed as a change in the position of the reflected laser spot

Laser Source

Alignment Target Sample

Reflection Target




Reflection Target Alignment and Measurement

Target backstop with horizontal
and vertical reference marks

For each sample, a unique target
sheet is placed onto the target
backstop. Alignment is done via
the vertical and horizontal

reference marks PLUS the
reference laser spot.

\ Laser Reference Spot




Reflection Target Alignment and Measurement

Prior to thermal cycle/soak the
position of the initial reflected
laser spot is marked

Pre-thermd Exposure Laser Spot

~

Post-therma Exposure Laser oot

Laser Ref erence Spot

After thermal cycle/soak the
position of the reflected laser
spot is again marked

Pre-thermd Exposure Laser Spot

[~ L aser Reference Fot




SUMMARY

 In-package fiber aligners is our main
focus

— MEMS technology Is a perfect match for
the optomechanical integration that
compliments photonic chip integration.

 Near-hermetic package technology
should result in short-term cost savings

— Effectiveness will depend upon the physics
of the epoxy-LCP interface




