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 By end of 2011 2.3 billion people were online 
 Total international Internet bandwidth increased 7× over last five years 
 Mobile and wired broadband growing 

What needs to occur during this information transfer? 

 Generation, Transmission, and Processing of information 

Growing Information Needs 

From International Telecommunications Union 



Who Loves Traffic? 

Generate, Transmit, Process 



Network Information Traffic 

Generate, Transmit, Process 



Benefits: 
1. Bandwidth – capacity for carrying information 
2. Minimal interference – no EMI, low cross-talk 
3. Low loss – for long distances 
4. Fast – for processing or routing 

Why Photonics Over Electronics? 

 Bandwidth of audio signals: ~ 20 kHz 
 Bandwidth of analog video:  ~ 7 MHz 
 Digital and HD video can be greater 

Photonics includes generation, transmission 
and processing of light 

Drawbacks: 
1. Cost, cost, cost – infrastructure in place 
2. Processing – electronics more mature 



Generate, Transmit, Process 

Key breakthroughs: 
 Semiconductor lasers permit generation of information 
 Low loss fibers enable transmission over long distances 
 Amplification allows for even longer distances 

Generation & Transmission: Fibers 



Processing: Routing & Switching 

Generate, Transmit, Process 

1. Electronic switching – OEO: 
 Conversion to take advantage of 

mature switching technology 
 Switching time ~ microseconds 
 Power consumption issues 

2. “All-optical switching” 
 No conversion to electrical 

signals needed 
 Switching time slow ~ 10’s 

milliseconds 
 Larger footprint 
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The modified optical properties 
will, in turn, cause changes in 
the incident light. 

The material’s optical properties will be modified by the incident light intensity. 

Use Light to Control Light All-Optical Signal Processing 

Generate, Transmit, Process 

Nonlinear Optics 



 Fiber-based AOS: 
 Mature material technology with 

some tailorability 
 Fast switching possible 
 Nonlinear response relatively low 
 Relatively large footprint 

 Semiconductor-based AOS 
 Highly integrable with existing 

technology   
 Strong confinement of light 
 Material tailorability may be limited 
 Switching response and optical 

losses can be issues 

All-Optical Switching: Inorganic Materials 

Generate, Transmit, Process 
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chain length allows control
of absorption edge and γ

possible extension of end-group
conjugation to control relative
energies of 1-photon and 2-photon
states

    
    

      
   

     
     

possible ring-locking of polymethine chain to:
• improve thermal and photochem. stability
• reduce aggregation
• provide points of attachment for solubilizing
  groups, tethered counterions etc.

substituents for tuning
solubility and film-forming

Y = S, Se, CR2, H2 etc.
choice affects 1- and 2-
photon absorption, γ, 
stability

Systematic molecular engineering  Modification of properties  

 Nonlinear optical properties 

 Linear optical properties 

 Physical properties 

All-Optical Switching: Organic Materials 

Generate, Transmit, Process 
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 Polymethines behave like 
molecular wires 

 Facile modification of linear 
and NL optical properties 

 Potential for AOS 



All-Optical Switching: Polymethines 
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Want this large! 

Want this small! 

 Achieve large nonlinear refraction while minimizing nonlinear absorption 
 Properties are tunable by adjusting molecular length 
 Poor translation of microscopic NLO properties to macroscopic NLO properties 

Generate, Transmit, Process 
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All-Optical Switching: Polymethines 
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 Drastic reduction in optical loss as 
compatibility is increased 

 Successful translation to macroscopic 
properties 

 Integration into silicon-organic hybrid 
waveguides allows for NLO response 

Generate, Transmit, Process 



Fundamentals 
principles 

Materials 
development 

Fabrication 
technology 

Component 
primitives 

Increased 
functionality 

Network elements 
Networks 

Subsystems 

Summary 

Generate, Transmit, Process 

 Larger information content requires improvement in technology   

 Photonics could provide viable route for improved processing of information 

 Success in design of organic materials for all-optical switching 

 Key is to identify how innovative device technologies can be integrated into 
all-optical networks 

From Applied Communications Sciences 
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