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Absorption, Refractive Index and Group Delay
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Potential of photonic crystals (PCs): 
• By controlling dispersion, light might be slowed down
• High bandwidth as needed for components in fast communication  
systems

Applications of slow light in a PC:
• Optical modulators and nonlinear 
elements with reduced size and power

• Optical buffers and delay lines

Basic component: Broadband slow light PC waveguide (WG) 
• Optical pulse transmission at 4% of speed of light over 1.3 THz
• Effect of disorder on group velocity
• Verification with up-scaled microwave experiment

Cooperation with Fraunhofer Heinrich Hertz 
Institute, Berlin

What is it good for to delay the light?
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• Broadband slow light device
W0.75 photonic crystal waveguide
Coupling taper

• Verification with microwave experiment
Experimental pulse transmission setup
Pulse shape and group velocity measurement
Comparison to simulation

• Influence of disorder on group velocity
Measurement of 3 realizations
Numerical study of 19 realizations

• Summary

Outline
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Broadband Slow Light Device

Design: High-index PC membrane (n = 3.16, h = 0.27 μm)

→ Broadband low group velocity of vg = 0.04 × c
for r / a = 0.25, W0.75 line defect, a = 0.45 μm

Anti-crossing of gap-guided and index-guided modes in PC-WG
A. Yu. Petrov and M. Eich, Appl. Phys. Lett. 85, 4866 (2004)
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Broadband Slow Light Device

A. Yu. Petrov and M. Eich, Appl. Phys. Lett. 85, 4866 (2004)
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Adiabatic 
coupling taper: 
W0.8 → W0.75

Coupling Taper

Slow light WG strip WG
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Coupling Taper

Adiabatic 
coupling taper: 
W0.8 → W0.75

light line

vg,W0.8 > vg,W0.75

Strip WG W0.8 W0.75

Ex
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region of 
interest

Overall Transmission and Reflection

Adiabatic 
coupling taper: 
W0.8 → W0.75

Coupling strip WG 
to W0.75: 

Losses better than 
1.25 dB per interface
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Verification with Microwave Experiment

Advantages:
• Very accurate fabrication

Equivalent accuracy of 0.5 nm 
Allows to study disorder

• Very accurate measurement 
equipment

• Flexible and modular setup

Upscaled structure dimensions by    20,000  (0.4 µm    → 8 mm)
Downscaled operating frequency by 20,000  (200 THz → 10 GHz)

Material:
Ceramic-filled PTFE, n = 3.16 @ 10 GHz
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Experimental Setup

Slot antenna 
to excite 
waveguide 
mode near
10 GHz



Phot. BW, 20 Oct 06 Institut für Hochfrequenztechnik und Quantenelektronik (IHQ), Universität Karlsruhe 15

Experimental Setup

Slot antenna 
to excite 
waveguide 
mode near
10 GHz

Reference measurement: 
Remove slow light WG section
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Pulse Shape and Group Velocity Measurement

Microwave measurement data 
scaled to optical regime

Transmission of pulse with 1.3 THz 
FWHM equivalent optical bandwidth 
with vg / c = 0.04 

1.3 THz



Phot. BW, 20 Oct 06 Institut für Hochfrequenztechnik und Quantenelektronik (IHQ), Universität Karlsruhe 17

Pulse Shape and Group Velocity Measurement

Microwave measurement data 
scaled to optical regime

Transmission of pulse with 1.3 THz 
FWHM equivalent optical bandwidth 
with vg / c = 0.04 

1.3 THz

(no material losses)
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Applications

Number of stored bits

Criteria for PC length: Temporal pulse spreading by chromatic dispersion

Measured pulse: 
1.3 THz FWHM

Possible: 
125 GHz FWHM

Modulator

→ CDelay-Bandwidth ≈ 1

→ CDelay-Bandwidth ≈ 120

Infiltration of PC-WG with electro-optic polymer
Potentially very fast (> 10 GHz) and small (< 1 mm)

Delay line

CDelay-Bandwidth = TStorage × BPacket
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Influence of Radial Disorder

Microwave Measurements: 
15 Periods of PC-WG, 5% 
normally distributed radial disorder
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Influence of Radial Disorder

Microwave Measurements: 
15 Periods of PC-WG, 5% 
normally distributed radial disorder

Simulations with Finite 
Integration Technique: 
Lossless materials

Ensemble average of group velocity increased near vg / c = 0.04,
but performance of component is not significantly impaired.
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Summary

• Broadband slow light device
Low vg in PC-WG away from band edge
Efficient Coupling Taper

• Microwave pulse transmitted
vg / c = 0.04 for 1.3 THz equivalent 

optical pulse bandwidth
Good agreement with simulations

• Influence of radial disorder
Ensemble average of vg increased 

near vg / c = 0.04, but:
Component still performing well
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