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Challenges to exploring millimetesind terahertz
waves (electranagnetic waves at frequencies
from a few tens gigahertz to terahertz)

wi t h poteniceof tiechnol ¢

A Background & motivation
A Approaches

A Enabling devices

A Recent applications
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History of Exploring E-M Waves

Radio Wave ®<:-s-<» [ightwave

Until 19t Century

[

Only visible light utilized

Discovery of EEM waves. J.C. Maxwell (1864)
Experiment: H. Hertz(1888)

Experiment of Radio Transmission: Discovery of X -ray: Roentgen
Marconi (1895 -1898) . 1895

20 Century S — ;1

Late 19" Century |

A

Higher Frequency Optical Fiber 1.3 - 1.5mm)
Wireless Communications E Fiber-optic Commun.
100GHz - 10THz

2w cenwry [

Undeveloped (Terahertz gap)
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Radio Wave and Light Wave
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Why Undeveloped?

Technically difficult for usée

N \ i Si glatection
ﬁ*@@w NRecel v«

NS i gganarhtiono sensitivity
ATransmitter bWandwidth
output power

stability NN

controllability

Generation I1s more crucial !!
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Limits of Electronic and Photonic Devices
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InP-based HEMT Scaling

Cutoff Freqguency vs. Gate Length
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Power Limitation of Current Devices

10° | ]
Photonics
104 -
% 1000 ocL -
~ 100 -
g Hz QCL 11I-V Laser
o 10 B
o
5 1 - -
o ead Salt Laser
S
O 0.1 ol
0.01 tomixer -
TUNNET -PD)
0.001 | | |
0.01 0.1 1 10 100 1000
F TH .
RC, t : Transport req>u<ency( 2) Transition: hn/kT

C2E2 2015 Pagell 9 January 2015



s . ~ ’ 2 »
. ™~ .'
£y S - ‘. . b 3
- - 2
- \ v - 4 ’
Kl : 2 -3 : .
s =5
- » -
X - . -

‘ 0_,.

~ «50% of | E—M energy in the Unlverse is THZ

8 % ef photons emltted smce Blg Bang is THZ

.?_ \ - ..'


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

Evolution of Stars

.‘

S

B

Stars emits man MMW
lﬁ b,‘-‘w
E-M waves Interstellar Cloud of ‘ﬂ.’lﬂ Y
Particles Molecules ‘Qbay

I\

"q V
v LN | "

) S B of Gas

LA

Birth and Death
of Stars

.
..
.,

C2E2 2015 Pagel3 9 January 2015



Largest Telescope to Explore Universe

Atacama_argeMillimeter/submillimeterArray
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Locking signals are delivered with fibers
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Blackbody Radiation

Any object with temperature emits E-M waves
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