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Single pixel imaging using multiwavelength terahertz parametric generator

MURATE, Kosuke

13,100,000

is-TPG

Terahertz waves have the characteristic of being able to penetrate
obstructions and identify internal reagents, but the lack of cameras operating in this band has
required long measurement times for imaging. Therefore, in this research, we have achieved
high-speed and high-dynamic-range terahertz imaging by combining our proprietary high-power
terahertz source called the injection-seeded terahertz parametric generator (is-TPG) with a method
called single-pixel imaging. This allows for the rapid visualization of the spatial distribution of
reagents concealed by obstructions, and we expect it to have applications in various fields.



LiNbO3 Nd:YAG
is-TPG injection seeded THz Parametric
Generator is-TPG 100kW
0.4 - 5.0THz
LiNbO;
125dB
3 cT
16K eLOEREBSEE TR2A
16T R/ ERVTION SRR ¢ RS AEN
| OyERS L, EuhER%E XX |3 EFF0EBTHz
B 194 t’t’r‘ciﬂf&@ Xus BEFE DB EHE
e S R ey 2 m
EmBRores o Y =rie
Digital Micromirror Device (DMD) 3 B
2 ! XaKaoXogyg Y16=X9FX20F "+ +Xg6
ZMEAS EMSE?—
T=RhEEH y
. =i s " A N
THz-TDS EEAAm -
IETHZRASES ¥,
THzi % ZRZ T \
) SHEFSARYVE  TMBHEE
is-TPG
1
is-TPG
2
@
is-TPG LiNbO;
LiNbOs
(2) is-TPG
is-TPG
DMD 10
gm 2
1 Si
DMD
Si

DMD Si

is-TPG



@

DMD

(2)is-TPG

64

DMD

CCD

6kHz

Hadamard masks

Hadamard S-masks

3(a)

1600

30dB

12%

64

is-TPG

100Hz

% 2N b=Z AI(OH), SUF—2
™ .| A -
Ea 0Q ¢ O 00
> - -
a 1.13 THz 1.69 THz 1.23 THz 1.37 THz

1 (|
Ky 308 08
3:‘\_ S 06 06
~Y < 04 0.4
R ® o 02

0 0

105 115 125 135 145 155 165 175 105 115 125 135 145 155 165 175 105 2 5 6

R [TH] B [THZ] B [THe)
e's -2 TN b—2R YT NEL
! ) & 0e) ¢
| &
ER (3 ( 00 & 00
H 1.42 THz 1.69 THz
& 1 1
— 08 08
S 06 06

04

L77LYR
ART b
HihE

02

0 0
105 115 125 135 145 155 165 175 105 1.15 125 135 145 155 165 175
R [THz) AR TH)

2 « )

3(b)

DMD
10cm
8x
Cyclic
25 1600
is-TPG

(aBY 7L O)AEZMOAICEEL. 4ARBTA X -V T LIRER

-
2 o

1.39 THz 1.42 THz 1.48 THz 1.62 THz
Al(OH)3 29 k=K ZLa—2 I k=2

3 is-TPG



9 9 0 1

S. Mine, K. Kawase, K. Murate 46

Real-time wide dynamic range spectrometer using a rapidly wavelength-switchable terahertz 2021

parametric source?

Optics Letters 2618 - 2621
DOl

10.1364/0L.423985

K. Murate, H. Kanai, and K. Kawase 1

Application of Machine Learning to Terahertz Spectroscopic Imaging of Reagents Hidden by Thick 2021

Shielding Materials?

IEEE Transactions on Terahertz Science and Technology 620-625
DOl

10.1109/TTHZ.2021.3094128

S. Mine, K. Kawase, K. Murate 47

Noise-free terahertz-wave parametric generator. 2022

Optics Letters 1113-1116
DOl

10.1364/0L.448636

H. Sakai, K. Kawase, and K. Murate 45

Highly sensitive multi-stage terahertz parametric detector 2020

Optics Letters 3905-3908

DOl
10.1364/0L.394975




S. Mine, K. Kawase, K. Murate 60

High-power ASE-free fast wavelength-switchable external cavity diode laser 2021

Applied Optics 1953-1957
DOI

10.1364/A0.416033

R. Mitsuhashi, K. Murate, S. Niijima, T. Horiuchi, and K. Kawase 28

Terahertz tag identifiable through shielding materials using machine learning 2020

Optics Express 3517-3527
DOI

10.1364/0E.384195

K. Murate, H. Sakai, and K. Kawase 10

Six billion-fold amplification via a two-stage terahertz parametric amplifier 2020

IEEE Transactions on Terahertz Science and Technology 200-203

DOl
10.1109/TTHZ.2020.2964832

59 23 32

Kosuke Murate, Kodo Kawase

Real-time measurement system using multi-wavelength THz-wave parametric generation and detection (invited)

the 8th International Conference on Antennas and Electromagnetic Systems (AES 2022)

2022




Kosuke Murate, Kodo Kawase

Real-time spectroscopic measurement using terahertz parametric generator (Keynote)

2022 1EEE Summer Topicals Meeting Series

2022

43
2023

43
2023

K. Murate, K. Kawase

Development of terahertz parametric generator for real-time measurement (invited)

9th Russia-Japan-USA-Europe Symposium on Fundamental & Applied Problems of Terahertz Devices & Technologies (RJUSE TeraTech-
2021)

2021




K. Murate, K. Kawase

Development of a Terahertz Parametric Generator/Detector for Nondestructive Testing (invited)

JSAP-0SA Joint Symposia 2021

2021

K. Murate, K. Nagase, K. Kawase

Wide Dynamic Range Imaging System Using Three-stage Terahertz Parametric Detector (keynote)

46th International Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-THz 2021)

2021

S. Mine, K. Kawase, K. Murate

High-power terahertz parametric generator using a cascade process

SPIE Photonics West 2022

2022

42

2022




42

2022

42

2022

464

2022

2021

2021




2021

VI

2021

82

2021

S. Mine, K. Kawase, K. Murate

Development of Noise-free Terahertz Parametric Source

JSAP-0SA Joint Symposia 2021

2021




D. Dong, K. Kawase, K. Murate

Single Pixel Imaging System Using Terahertz Parametric Generator

JSAP-0SA Joint Symposia 2022

2021

82

2021

34

2021

Y. Torii, K. Kawase, K. Murate

Rapid ldentification Of THz Tags Using Multi-wavelength Is-TPG Based On A Deep Neural Network

46th International Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-THz 2021)

2021




S. Mine, K. Kawase, K. Murate

Development Of A High Signal To Noise Ratio Terahertz-wave Parametric Generator (keynote)

46th International Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-THz 2021)

2021

2021

K. Kawase, K. Murate

Injection-seeded THz parametric generation and detection with 125dB dynamic range

The 3rd Fraunhofer Photonic Research Cooperation Workshop at Optics & Photonics International Exhibition 2021 (OPIE ’ 21)

2021

S. Mine, K. Kawase, K. Murate

Development of a Noise-free Terahertz Parametric Generator using High-Power Injection Seeding

The 10th Advanced Lasers and Photon Sources Conference (ALPS2021)

2021




K. Murate, K. Kawase

Injection-seeded THz parametric generator, detector, and application(invited)

SPIE Optical Engineering + Applications “ Terahertz Emitters, Receivers, and Applications XI”

2020

K. Murate, K. Kawase

High-brightness THz source with wide tunability (Invited)

OSA High-brightness Sources and Light-driven Interactions Congress

2020

K. Murate, S. Mine, K. Kawase

Injection-seeded Terahertz Parametric Generator With Rapid Wavelength Tunability Using Digital Micromirror Device

45th International Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-THz 2020)

2020

S. Mine, K. Kawase, K. Murate

Development of a fast wavelength switchable external cavity semiconductor laser

JSAP-0SA Joint Symposia

2020




S. Mine, K. Kawase, K. Murate

Real-time Spectroscopy Using a Wavelength-switching Terahertz Source

OSA Frontiers in Optics + Laser Science APS/DLS

2020

R. Kawaguchi, K. Kawase, S. Hayashi, K. Murate

Real-time terahertz wave spectrometer using pulse train

OSA Frontiers in Optics + Laser Science APS/DLS

2020

R. Kawaguchi, K. Kawase, S. Hayashi, K. Murate

Real-time Terahertz Wave Spectrometer Using Pulse Train

45th International Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-THz 2020)

2020

K. Kawase and K. Murate

Injection-seeded THz parametric generator, detector, and applications (Invited)

Instruments Research and Development Establishment (IRDE)

2021




20

2021

K. Kawase, K. Murate

Highly sensitive THz parametric detection (Invited)

SPIE Photonics Europe 2020

2020

K. Murate, S. Mine, K. Kawase

Wide dynamic range real-time terahertz spectrometer using fast wavelength-tunable terahertz parametric generator

SPIE. Photonics West 2021 Digital Forum

2021

S. Mine, K. Kawase, K. Murate

Fast wavelength switchable external cavity diode laser using digital micromirror device

SPIE. Photonics West 2021 Digital Forum

2021




2020

THz

68

2021

41

2021

41

2021




41

2021

2020
2020

VIl
2020

VIl

2020




K. Kawase, K. Murate

Detection of drugs using is-TPG system (Invited)

International Workshop onTHz Technology (IWOTT 2019)

2019

K. Murate, K. Kawase

One shot detection of drugs hidden in envelopes using multiwavelength is-TPG (Invited)

SPIE Conference S1106 “ Next-Generation Spectroscopic Technologies XI1

2019

K. Murate, H. Sakai, Y. Guo, K. Kawase

Terahertz wave parametric amplification using LiNbO3 crystal pumped by the microchip Nd:YAG laser (Invited)

The 7th Laser Ignition and Giant-microphotonics Conference (L1C2019)

2019

K. Murate, Y. Guo, H. Sakai, K. Kawase,

High gain Terahertz wave parametric amplifier using LiNbO3 crystal (Invited)

The 7th Advanced Electromagnetics Symposium

2019




K. Murate, H. Sakai, Y. Guo, K. Kawase

Low Noise And High Gain Terahertz Parametric Amplifier (keynote)

44th International Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-THz 2019)

2019

R. Mitsuhashi, T. Horiuchi, K. Murate, K. Kawase

Terahertz Tag ldentifiable Through Shielding Material (keynote)

44th International Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-THz 2019)

2019

H. Sakai, K. Murate, Y. Guo, K. Kawase

Development Of Multistage Terahertz Wave Parametric Detector

44th International Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-THz 2019)

2019

K. Kawase, H. Sakai, K. Murate

Highly Sensitive THz Detection using is-TPG (Invited)

The 5th International Symposium on Microwave/Terahertz Science and Applications (MTSA2019)

2019




80

2019

2019

K. Murate, H. sakai, K. Kawase

Extremely weak terahertz wave amplification using terahertz parametric amplifier (invited)

The 11st Asian Symposium on Intense Laser Science (ASILS11)

2019

40

2020




67

2020

67

2020

, 38

2022

317




