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What is the Center for Optical Technologies?

A Partnership for Research,
Workforce Development & Education



See:  http://www.lehigh.edu/optics

Core COT Partners:

COT Workshop & Open House May 13th-14th, 2004

Growing list of Industrial Liaison Members and Joint R&D Partners:Growing list of Industrial Liaison Members

Mission:

• To generate advances in the science and 
application of optical technologies, and to 
forge partnerships that drive growth and 
diversity in the industry.
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Summer Camp –
Jointly Sponsored
by
NCC, LCCC, and 
Lehigh Univ.
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Unique Facilities:
Lehigh Center for Optical Technology:

• Over 30 faculty participants (+ 20 PSU); fully equipped
individual labs – many with unique optics capability

• New research programs spanning materials, device,
systems level studies

• New fiber draw tower, focus on novel material fibers

Lehigh Center for Advanced Materials and Nanotechnology:

• Largest Electron Microscopy Capability in Nation

• Advanced Nano-indentation & MEMs

Sherman-Fairchild Microelectronics Center:

• Silicon; CMOS, non-volatile memory, biosensors

Lehigh Flat Panel Fab:

• Full backplane pixel/driver process capability

Packaging Materials Analysis Group

• Fundamental studies of material/process
interactions; creep, long-term stability
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So what are we doing?
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Optical Networking Technologies:
Optical Interconnects, All-Optical Networks, Packaging Technologies ±
– novel heterogeneous materials technologies for data links & chip-to-chip
– drive integration & novel materials/device physics for new functionality
– advance novel all-optical solutions to switching, routing, O-conversion, regeneration, etc.
– minimize OEO conversions, remove bandwidth bottlenecks, reduce network cost
– extend boundaries of nanoscale materials science and nano-assembly engineering 

critical to optoelectronic packaging

Sensor and Display Technologies:
Optical Biosensors, Flexible Organic Displays, Novel Sensor Materials
– spanning from molecular-level detection to in-situ biological system sensors; THz to UV
– integration of organic sources, flexible substrates with Si microelectronics technologies
– new apps. of high-sensitivity optical detection technologies, species-specific sensing
– advanced optoelectronic materials for sensing
– enable new display apps. through novel design & scaling; extend technologies beyond 

displays

TWO MAJOR SPHERES OF RESEARCH :
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How are we doing it?
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Current Sources of Funding

· Pennsylvania Dept. of Community & 
Economic Development:

± $1M awarded in 7/1/00 to create the center. 
$15M awarded for 5 years 7/1/01-6/30/06

· Federal:
± NSF: $0.9M GOALI at center inception.  

U.S. Army Research Office, $1M (9/15/02-
9/14/03) + $1.4M (FY03).  Budgeted at 
$3.5M (FY04)

· Additional agency Grants for Individual 
PI’s & Teams

± Individual NSF, DARPA, etc., grants, new 
proposals in progress

· Industry Support and Private Donation:
± Full Endowed Chair funding, major 

facilities funding - private donation.
± Liaison memberships, individual R&D
± projects & equipment donations

· Plus - Lehigh University:
± $15M match for optoelectronics/ 

photonics, and information technology 
over the next 5-7 years.
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21 Penn State Faculty Participants:

IrudayarajAgricultural Engineering:

Hancock, Zahn, ButlerBioengineering:

PishkoChemical Engineering:

Allara, Badding, 
Sheets

Chemistry:

Guo, Yin, ZhangElectrical Engineering:

Bhalla, ShroutMaterials Research 
Institute:

Gopalan, Lanagan, 
Mohney, Pantano, 
Randall, Redwing, 
Singh, Wang

Materials Science & 
Engineering :

SantoroManagement & Marketing:

PamukcuCivil & Environmental 
Engineering:

WachsChemical Engineering

ChengComputer Science & 
Engineering:

Grenestedt, Nied, 
Voloshin

Mechanical Engineering & 
Mechanics:

Jia, KlierChemistry:

Biaggio, Dierolf, Ou-
yang, Stavola, 
Toulouse

Physics:

Blum, Hatalis, Ding, 
Hwang, Koch, Li, 
McAulay, White, Ooi, 
Tansu

Electrical & Computer 
Engineering:

Cargill, Chan, Eades, 
Jain, Notis, Pearson, 
Vinci

Materials Science & 
Engineering:

32 Lehigh Faculty Participants:
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Sensors & Displays: Flexible Organic Displays ± Miltos Hatalis

· Thin, light, conformal, foldable, rollable
· Low cost roll-to-roll manufacturing
· Applications to:

± Lightweight, rugged PDAs
± Wearable, form-fitting, electronic displays 
± High-contrast automotive instrument and

windshield displays 
± Roll-up, electronic, daily-refreshable

newspaper
± Ultra-lightweight, wall-size television

monitor
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Ex: Prof. Daniel Ou-Yang:

· Optical tweezers in living cells
· New observation of cell biorhythm
· What cytoskeletal protein is responsible?
· Combine with new optical diagnostics in

same apparatus!

Sensors & Displays: Optical Biosensors & Biophysics - Tissue Sensing

Biorhythm of endothelial cytoskeleton
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· Remarkable new properties in
fibers, planar waveguides

· Pathway for ultra-high density
integration

· Potential for all-optical functionality

Fabricated at Lehigh University

14um Y-Splitter (Simulation)

PHOTONIC CRYSTALS & P-RESONATORS:

Above: Photonic P-resonator 
for possible Si-emitter

Left: Photonic crystal planar 
waveguide in Si/SiO2 with 
simulation

Si Upper Injector (p �type)
Er �Implanted SiO2 Active Layer
Si Lower Injector (n �type)
SiO2 Lower Cladding
Si Substrate
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Optical Regenerators

Optoelectronic

All-optical

20 cm

Electronics

New l
Transmitter

MZI

2 mm

New l (CW)

SOA

l in

l in

l out

l out

SOA

No Electronics

These techniques have worked to speeds > 100 Gb/s!
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Lehigh-Army Research Lab Joint Research

Vinci, Dubey, Hung

Vinci, Chan, Wraback

Robust Micro-Electro-Mechanical Systems [MEMS]

Nanoheteroepitaxial Substrates for Growth of GaN
on Sapphire

Dierolf, Cargill,Redwing, 
Stavola, Beekman, 
Wraback

GaN-based materials for Electro-Optical Applications

Jain, Dubey, Dhar, 
Pellegrino

Development of Hard Photoresist Masks and Infrared 
Mirco-optical Elements

Ding, Little, WoolardDesign, growth, and characterization of coupled 
quantum-well dots and double quantum-barrier dots 
for THz devices and optical communications

Hwang, ChangIntegration of Laser Drivers with VCSEL Arrays

Hatalis, Good, Forsythe, 
Morton

Flexible AM-OLED Displays on Metal Foils

Hwang, DharHgCdTe on Si Through Nanometer-thin, Strain-
relieving SiO2 Buffer

Blum, Gillespie, PercontiImage Fusion for Night Vision Applications

Aug 03 – July 04
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Lehigh-Army Research Lab Joint Research

Vinci, Hwang, Dubey, Hung

Hwang, Dhar

Blum, Gillespie

Li, Ricklin

Robust Micro-Electro-Mechanical Systems [MEMS]

HgCdTe on Si Through Nm-thin, Strain-relieving Silicate 
Buffer

Image Fusion for Night Vision Applications – Phase II

Adaptive Forward Error Correction Codes for Free-Space 
Optical Communication

Jain, Dubey, Dhar, PellegrinoDevelopment of Hard Photoresist Masks and Infrared Mirco-
optical Elements

Ding, Little, WoolardDesign, growth, and characterization of GaAs/AlAs and Sb-
based Type II Superlattices

Hwang, ChangIntegration of Laser Drivers with VCSEL Arrays

Hatalis, Good, Forsythe, 
Morton

Flexible AM-OLED Displays on Metal Foils

Dierolf, Cargill, Chan, Ding, 
Redwing, Stavola, Tansu, 
Vinci, Beekman, Wraback

Wide-Bandgap Semiconductors for UV Light Sources

June 04 – July May 05
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Devices
&

Subsystems

Bridging Communities

Advanced
Materials,

Microscopy
(MS&E, Chem. E.)

New Quantum
& All-Optical Devices

(Physics, ECE)

Biological Applications
(Biology, Chemistry)

System/Architecture
Impact
(ECE)

Monolithic &
Nanoscale Hybrid

Integration
(ME, ECE)
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Major New COT Optoelectronics Materials 
and Device Fabrication Facilities

· Epitaxy Facilities for Optoelectronic Materials and Device Research
± 2 MOVPE reactors – approx. 1500 ft2 net
± Use TBA/TBP for high safety margin
± Related characterization (PL, Xray, Ellipsometry, etc.)

· Cleanroom for Device Fab & Integration Technology 
± Approx. 500 ft2 class 100 (lithography) + approx. 1000 ft2 class 1000
± Suite of services, external liquid N2 for in-house gases, etc.
± Perimeter service chases for pumps, etc.
± Hoods for solvents, acids (relatively low volume usage)
± Gowning area, air-shower, etc.

New building extension to Sinclair Lab ±
targeted completion Jan ’05 (9 months!)
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Sinclair Additions (only floors 2 & 3 shown):

Epi Laboratory Optical Device Cleanroom
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· We are making rapid and exciting progress in
± Definition of programs
± Funding sources
± Linkages to industry and government

· But we can’t stop running!
± Continue aggressive linkages to regional and national 

companies
± Working against aggressive timetables for facilities and 

staff for enhanced technical capability
± Rapid scientific productivity is critical to our success!

Speed is critical …



Center for Optical
Technologies

COT Workshop & Open House May 13th-14th, 2004

Industry Liaison Program

· Cost
± $10K/yr cash for small companies (<500 employees)
± $25K/yr cash for large companies (>500 employees)
± Multi-year agreements possible to lock in rate
± Payable in equipment donation, valued at “ street $” (only for equipment 

that would be purchased otherwise)

· Benefit
± Membership fee is applicable towards funded joint research programs 

with Lehigh
± Equipment usage at Lehigh internal rates (this is sustainable)
± Right of first refusal to license intellectual properties under separately 

negotiated terms and conditions
± Access to faculty, students, and research that is produced with $ 

millions of university and government funds
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Thursday, 13 May 2004
Rauch Business Center

· 8:00am Registration/Continental Breakfast

· 8:30am Opening Remarks
David Williams, Tom Koch, Kim Trapp

· 9:00am Key Note Speaker – Army Research Overview
Dr. John Parmentola, Director for Research and Laboratory Management

· 9:30am Break

· 9:45am Integrated VCSELs/Drivers
Jim Hwang/Wayne Chang

· 10:15am HgCdTe
Jim Hwang/Nibir Dhar

· 10:45am Hard PR Masks
Himanshu Jain/Madan Dubey

· 11:15am GaAs/AlAs & Sb-based Superlattices
Yujie Ding/John Little/Dwight Woodward

· 11:45am MEMS
Rick Vinci, Jim Hwang/Madan Dubey, Alfred Hung

· 12:15pm-2:00pm Buffet Lunch & Poster Session

· 2:00pm Image Fusion
Rick Blum/Patti Gillespie

· 2:30pm Wide Bandgap Semiconductors
Volkmar Dierolf et al./Mike Wraback

· 4:00pm Break

· 4:15pm Flexible Displays
Milt Hatalis et al./Gary Wood, David Morton, Eric Forsythe

· 6:00pm Buffet Dinner, Lehigh University Center
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· 7:30am Registration/Continental Breakfast

· 8:15am Opening Remarks/COT Overview & Status
David Williams, Tom Koch, Kim Trapp

· 8:45am Key Note Speaker
Dr. Kevin Kennedy, CEO of JDS Uniphase Corporation

· 9:15am Invited Speaker
Mr. Rich Overmoyer, PA Deputy Secretary, Technology Investment Office

· 9:45am Break

Optical Networking Technologies: 10:15am-12:30pm

· 10:15am Networks
Jean Toulouse

· 11:00am Interconnects
Jim Hwang

· 11:45am Packaging
Ray Pearson

· 12:30pm-3:00pm Buffet Lunch & Poster Session
· 12:30pm-2:00pm COT Advisory Board Meeting

Sensor & Display Technologies: 3:00pm-4:30pm

· 3:00pm Sensors
Himanshu Jain

· 3:45pm Displays
Milt Hatalis

· 4:30pm Informal Lab Tours

2004 COT ARL Workshop & Open House
Thursday, 13 May 2004
Rauch Business Center
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1. Did you attend:
__________  COT Optics ARL Workshop:  Thursday, 13 May
__________  COT Open House:  Friday, 14 May
__________  Both events

2. Your areas of interest:  please check all that apply
_____ All-Optical Networking
_____ Optical Interconnects
_____ Optoelectronic Packaging
_____ Optical Sensors
_____ Flexible Displays
_____ Optical Systems/Subsystems
_____ Optical Devices/Materials
_____ Optical Physics/Chemistry
_____ Optics/Bio Medical
_____ Other [Please indicate:______________________________________________________]

3. On a scale of 1 to 5 [outstanding], please indicate your opinion:
· Thursday Workshop Agenda/Schedule____
· Thursday Workshop Presentations____
· Thursday Workshop Technical Content____
· Friday Open House Agenda/Schedule____
· Friday Open House Presentations____
· Friday Open House Technical Content____
· Key Note Speaker Presentations____
· Poster Session____
· Collateral Material distributed to Attendees____
· Conference Room Facilities____
· Food Service_____
· Time for Networking & Discussion____

4.  Suggestions for changes/additions/improvements for 2005 Workshop/Open House:

5. Other comments:

6. Do you want to be contacted related to the COT Industrial Liaison Membership program?
Name:___________________________________________
Address:_________________________________________
Telephone:_______________________________________
E-mail:___________________________________________

Thank you!

Please return completed QUESTIONNAIRE to the Registration Table


