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Optical interconnection
Intercontinental Inland Metro Board LSI chip

Glass fiber 
(1.55��m)

FTTH, Free space

Polymer optical fiber (650nm)

Ultra-high speed ( 100Gbps)
Low operating voltage
High stability

Polymer WG

WAN 10-40Gb/s
Wide Area Network
(ULH, LH)

MAN 100GbE
Metropolitan Area Network

(ISP, LAN, SAN)

1000km 400km 400 0.1km
VSR
Very Short Reach

0.01 0.00001km

Replacing copper infrastructure

Photons rather than Electronics

Require more storage
Access to key information
High speed inter-processor
communications
Connecting multi-core microprocessors
with RAM and storage

Optical Modulators 
Electro-optic Integration

E-O modulator

Why are electro-optic materials interesting?

��Societal Impact:
� Central to transduction of signals between electrical and optical domains; 

Key to the Next Great Thing: Photonic/Electronic Integration
— Impacts Computing, Telecommunications, Transportation, Security, 

Medicine, Entertainment. 

�Intellectual Merit:
� Requires high order—essentially an issue of “crystal engineering”.

If we can “nano-engineer” EO materials from first principles, we have 
defined the “designer toolset” for nanotechnology.
Critical for organic photovoltaics, electronics, light emitting displays, etc.
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EO polymer

600 nm

Nanoimprinting
EO polymer

ElectrodePhotonic crystal

Advanced applications:
High-speed low-voltage EO modulator

Polymer periodic pattern for photonic crystal applications 

Patterned polymer 
photonic crystal

Optical polymer

Substrate
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Soft lithography
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polymer r33 for
better modulator 
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EO Modulators �2 Materials and Components

Property         Polymer (1.3 �m)   Polymer (1.5�m)   LiNO3

r33 130 pm/V     60 pm/V          32 pm/V
Speed    >100 Gps >100 Gps 40 Gps
Power < 1 V                     < 1 V 10 V
n3r/� 100 100                  6
Stability              85 85 90
Optical loss     0.7 dB/cm             0.2 dB/cm          0.2 dB/cm
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Drive voltage

Optical response

V�

Poled Polymer

Waveguide
Electrode

Electrode

Light In

Modulating Electronic Field

Light Out

Electro-Optic Modulation:  n2=n0
2 2 E

EO Operation

Applied voltage changes refractive index

Generally in the order of 2 10-4

Refractive Index
0                1.7
1                1.7002

Measured r33 in pm/V
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4.0 �m

4.3 �m

3.9 �m

2.5 m

3.0 m

4.0 m

Total 50mm

Arm 22mm S-bend
2.9mm

S-bend
2.9mm

Tail 11.1mmTail 11.1mm
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