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About Osaka
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Outline

Challenges to exploring millimeter- and terahertz 
waves (electro-magnetic waves at frequencies 

from a few tens gigahertz to terahertz) 
with use of ñphotonicsò technologies.  

ÂBackground & motivation    

ÂApproaches 

ÂEnabling devices

ÂRecent applications
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Until 19th Century 

Late 19th Century

Experiment of Radio Transmission: 
Marconi (1895 -1898)

20th Century

21st Century

Higher Frequency Optical Fiber 1.3 - 1.5mm)

Undeveloped (Terahertz gap)

100GHz - 10THz

Radio Wave Lightwave

Wireless Communications Fiber-optic Commun. 

Discovery of E-M waves: J.C. Maxwell (1864) 
Experiment: H. Hertz(1888)

Discovery of X -ray: Roentgen

Only visible light utilized 

History of Exploring E-M Waves

1895
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ñMillimeter-wavesò

(MMW)

30 GHz ï300 GHz

10 mmï1 mm

Frequency

f

Wavelength

l

ñTerahertz wavesò

(THz Waves)

0.1 THz (100 GHz)

ï10 THz

3 mm ï30 mm

Definitions
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Why Undeveloped?

Technically difficult for usé

ñSignal generationò

ñTransmitterò

output power

stability

controllability

ñSignal detectionò

ñReceiverò

sensitivity

bandwidth

Generation is more crucial !!
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1 THz 1 ps  300 mm  4 meV 50 K

Approach with ñElectronò

(via Radio waves)

Ź

Barrier of electron velocity

Approach with ñPhotonò

(via Light waves)

Ź

Barrier of temperature/band gap

Electrode

Active

layer

Electrode

P N+

N

Base

electrode

Insulator(SiO2)

Planar Transistor

Emitter 

electrode

Collector electrode

N+

Semiconductor Laser

E = hf = kT 

Limits of Electronic and Photonic Devices
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Electronics Photonics

Power Limitation of Current Devices
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http://upload.wikimedia.org/wikipedia/commons/2/2f/Hubble_ultra_deep_field.jpg
http://upload.wikimedia.org/wikipedia/commons/2/2f/Hubble_ultra_deep_field.jpg
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Evolution of Stars 

Young Star
Red Giant

Birth and Death 

of Stars
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Stars emits many

E-M waves
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Atacama Large Millimeter/submillimeter Array

>18 km

Largest Telescope to Explore Universe 

http://www.almaobservatory.org/images/three-antennas-2.jpg
http://www.almaobservatory.org/images/three-antennas-2.jpg
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Hot at pressure points!

My hand emitsé.
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Any object with temperature emits E-M waves

10 15

Infrared, NIR
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Microwave

Planckôs equation 
c 2

2hf 3 1
B

bb =
exp (hf / kT ) -1

Black-body Radiation

310 K   


