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Development of high-sensitivity and durable terahertz sensor with fine PN doping
and organic protective layer

Suzuki, Daichi

3,600,000

CNT
PN
THz THz

CNT
CNT PN
CNT CNT PN

i i i In this research, we conducted on the depelopment of carbon_nanotube (CNT)
film devices. A high-sensitivity and durable THz sensor patch was developed. In addition, we
demonstrated a powerful industrial quality inspection application using the developed THz sensor
patch.



(CNT) CNT THz-IR

THz
CNT
CNT THz
P N CNT
CNT PN N
PN
CNT
100 um
N CNT P
N
CNT
CNT PN
THz THz
) PN @
3 THz
Q) PN
S5um
Small aerosol
CNT
N i —
CNT 100 | Ultrasonic o
J nebulizer (@)
@ 1
ek
? :Large aerosol
AT ¢>3 um
PN
@)
Parylene
2
ParyleneN, C CNT
5 50000 nm

10% 1



3 THz
PN CNT THz
THz
CNT
CNT
100 pm CNT
CNT
F-0
CNT
10 um CNT CNT
THz
(1) (@) Nebulizin'g unit (b} sample temp.: 120
) - ) 60
3@ 70 ¢ T\~
N z o . .
K -60 o
Benzo-18-crown-6- _ 3000 g0 12010
ether 0.1 mol/L § 2000 \\ﬁ
% 1000 -
0
— 600 60 120 180
—: 400 +
E‘zoo-\\\""’,,a\/
& 0 0o 60 120 180
Dopant aerosol Doping time (min.)
@) (b)
CNT
N CNT 120 150
CNT S c PF
3(b) P
CNT S, o, PF N
N S=0uvK-1 120 45
150 100
PN EDS
2 um PN
) N CNT
CNT
4(a) CNT N
4(b)
N CNT 60 PN 120
p CNT 365
(a) Parylene thickness: 0 nm  Parylene thickness: 10 nm (t:go
& TN ) Dopant concentration: 0.1 mol L1 Barjlens
. q’~w..-.‘...“.'5'.”""‘ thickness:
o ® O0nm
e ® 100 nm
¢ 1 ® 1000 nm
b 3 10000 nm
]ﬁ’@!”w*iﬂ"qu:s--

0

60 120 180 240 300

Period (day)

S, ~ teer e

360

N R T ]



©)

THz 1/2
pm CNT
THz
THz
pm CNT

13

10%
ParyleneN, C N
CNT
THz
CNT THz
100 Thermal factor 7

THz response (mV)

um

THz

(D ) eimesedwa )

100

Absorptance for 1.5 THz (%)

CNT 1 um

THz-TDS

Optical factor

80
60
40 -
20

Optical resonant width

14

100 200 300
Film width (um)

o 2N W s o

CNT films N-doped CNT films
(P-type) (N-type)
X 13 times
enhancement
4 05 0 05 1 15 2 25

Time (s)



6 5 1 4

K. Li, T. Araki, R. Utaki, Y. Tokumoto, M. Sun, S. Yasui, N. Kurihira, Y. Kasai, D. Suzuki, R. 8

Marteijn, J.M.J. Toonder, T. Sekitani, Y. Kawano

Stretchable broadband photo-sensor sheets for nonsampling, source-free, and label-free chemical 2022

monitoring by simple deformable wrapping

Science Advances eabm4349
DOl

10.1126/sciadv.abm4349

D. Suzuki, Y. Takida, Y. Kawano, H. Minamide, N. Terasaki 23

Carbon nanotube-based, serially connected terahertz sensor with enhanced thermal and optical 2022

efficiencies

Science and Technology of Advanced Materials 424
DOl

10.1080/14686996 .2022 2090855

D. Suzuki, Y. Nonoguchi, K. Shimamoto, N. Terasaki 15

Outstanding Robust Photo- and Thermo-Electric Applications with Stabilized n-Doped Carbon 2023

Nanotubes by Parylene Coating

ACS Applied Materials & Interfaces 9873
DOl

10.1021/acsami .2c21347

D. Suzuki, N. Terasaki 354

Freely attachable thermal property measurement method based on the photo-thermo-electric effect 2023

Sensors and Actuators A: Physical 114296

DOl
10.1016/j .sna.2023.114296




2022
1
DOI
Suzuki Daichi Serien Daniela Obata Kotaro Sugioka Koji Narazaki Aiko Terasaki Nao 15
Improvement in laser-based micro-processing of carbon nanotube film devices 2022
Applied Physics Express 026503 026503

DOl
10.35848/1882-0786/ac4d06

11 3 2

11 FNTG

2022

Daichi Suzuki, Yoshiyuki Nonoguchi, Kazumasa Shimamoto, Nao Terasaki

Study on time-related thermal property deterioration of n-doped CNT film

The 63rd Fullerenes-Nanotubes-Graphene General Symposium

2022




83

2022

67

2023

Daichi Suzuki, Yoshiyuki Nonoguchi, Nao Terasaki

A stand-alone electrochemical doping method for the ambient energy harvesting

The 64thFullerenes-Nanotubes-Graphene General Symposium

2023

70

2023




Patterning and Photo-thermal Sensing Applications of Suspended, 2D, Micro-scale CNT film array

The 61st Fullerenes-Nanotubes-Graphene General Symposium

2021

CNT

2021

Microwave Workshop & Exhibition 2021

2021

Multi-element photo-thermo-electric (PTE) devices by a micro-scale CNT film array

The 62nd Fullerenes-Nanotubes-Graphene General Symposium

2022




CNT THz-IR

69
2022
0
2
PCT/JP2022/037618 2022
2022-011423 2022




