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THz Applications
New generation of wireless data transfer systems
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B eyon d 5G Tokyo Institute of Technology
Connected Cars, V2X, loT
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'E \ 1. Automated driving (car, drone)
| 2. Road safety service (collision avoidance, etc.)
[ \ 3. Smart city (navigation, city guide, car parking)

* K. Sakaguchi et. al., IEICE Trans. Electron., 2017

HD map for
automated driving
in real-time



https://mytechdecisions.com/it-infrastructure/industrial-iot-market-expecting-growth/
https://www.econsight.ch/en/technologies/smart-factory/
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Radar and imaging
Line scanner

Security gate
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Material analysis and spectroscopy
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New technologies

Key performance factors

»High (THz) frequency
»High output power

»Compact size

——
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= Oscillator (Signal source)

High frequency signal sources are key component
In new technologies
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Frequency of an electromagnetic wave
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THz Sources Tokyo Institute of Technology

0.1 1 10
Frequency (THz) I I I
| | |
Wavelength (mm) 3000 300 30
THz Gap Free Electron Laser
(Building @UCSB)
Vacuum tube devices Free Electron Laser /

(Im~10m)

Backward-wave tube, Gyrotron, Klystron...

Gas Laser ( 2~3m)

Laser & Nonlinear optics

Solid state devices

( few cm ~1m) Optical mixers, Photodiode+Laser
: : Multiplier
Semiconductor solid -Ge Laser (<10K
state devices ~10pm <p—> ( )

Josephson effect =———— ¢ ]

Quantum cascade laser
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MW, MMW THz IR visible

e —————— » Quantum Cascade Laser (QCL)
10GHz 100GHz 1THz 10THz 100THz - 1.2mW @ 4THz, 206 K
Current status of (L. Bosco et al., Appl. Phys. Lett. 115, 2019)
semiconductor single sources -0.36mW @ 1.34-1.58THz, 10K

T
p-Ge(s20K) (Walther, et al, Appl. Phys. Lett. 91, 2007)

- 80uW@1THz, 4th harmonic, 42-el.
(Hu, et al, IEEE Radio Freg. Cir. Symp.RTU2B-2, 2017)

= 30 - 8.5uW @ 4.1 THz, Room Temp

m 20}k (Q. Y. Lu et al., Appl. Phys. Lett. 99, 2011)
© -

— 10} » Transistors (HBT, HEMT, CMOS)

= ol QCL - IMW@530GHsz, triple, 16-el.

8 | (5200K) (Pfeiffer, et al, 1SSCC, 14.5, 2014)
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» Resonant Tunneling Diode (RTD)
——— -1.98THz, Fundamental
(Izumi, et al., IRMMW, MA3.1, 2017)

-0.73mW @ 1THz, Fundamental, 89-el
(Kasagi, et al, JAP, 125, 151601, 2019)

Frequency (THz)
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Frequencies > 2THz

from a compact solid state source?

Purpose of the study:

Study on the oscillation frequency limitations in RTD oscillators to achieve frequencies > 2THz
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Bow-tie ant.

Resistor for
stabilization

RTD integrated with low-loss
cylindrical cavity
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Previous work Tokyo Institute of Technology
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» Oscillation frequencies up to 1.79 THz

were achieved at room temperature.
[Izumi, et al., ., IRMMW, MA3.1, 2017]
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Oscillation Frequency
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Cavity height h, pm

Oscillation frequencies up to 2.77 THz could be expected with cavity radius ~15 pum and

cavity height ~6 pm.

[ Mikhail Bezhko et al, Jpn. J. Appl. Phys. 59/3 032004, 2020 ] 13



Device Fabrication
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SEM image

Stabilizing Bow-tie antenna

Resistor
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Six-stage Device Process
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Fabrication Process Tokyo Institute of Technology

Six-stage process

1. RTD Top electrode 2. RTD mesa 3. Bottom electrode
fabrication Evaporation
zePswA~som l oAy TARaT
PMGI SF6 ~ 300 nm — » l \' -
RTD ~150 nm ‘1,
~ n-InGaAs — — ~ n*-InGaAs
4. SiO, film 5. Element separation 6. Cavity fabrication
by PCVD

SiOZ\ - » - »_ -»
1 n I
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Conclusion Tokyo Institute of Technology

»  THz sources is one of the key component in novel technologies and applications

» RTD is one of the most promising candidates for compact size THz frequency source

»  Oscillation frequencies above 2 THz could be reached by using low-loss cavity
resonator

» Oscillation frequencies up to 2.77 THz could be expected with
cavity radius ~15 um and cavity height ~ 6 um.

»  Fabrication process optimization is necessary to achieve calculated performance of
the device
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