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Development of wearable non-destructive inspection devices for immediate
inspection in society 5.0
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In this research, we worked on the development of a terahertz (THz) wearable
non-destructive inspection device. First, as a thermal device design for the sensor, a structure in
which metals with different Seebeck coefficient polarities are introduced into the electrodes of

the source and drain and a structure in which the THz light absorption region is crosslinked to
suppress heat diffusion toward the substrate are adopted. Therefore, the size of one element was
reduced to 0.1 mm while maintaining the sensitivity. Next, we developed a self-align filtration
process that forms a carbon nanotube (CNT) film, which is the material of the sensor, in a
two-dimensional array with a size of 0.1 mm square. A 100-pixel flexible THz camera was fabricated
by the above two technologies, and non-destructive quality inspection application for industrial
materials was achieved.



¥ X C—19,. F—19—1, 2—19 (58

1. WFZEBRME Y IO &
201745 H, £/ DA F—F v MONLHESEDEHHN 2 G L T8 A~— MEED
FEIIT RS Y a LR E SN, v Ry MOEEBWN L BIRRIFEL 2D
A~ — NMEEROHBZLTERAR E72DHDNRE ) DL BETHY . Zh b EHHITOE
FAMEZPRAET B 720 O @S EE /e A TIEOBIRDE RO BTN D, Z D7) T, THz #ER
BEIEA L v FHNE, £/ 28I FIC/_ENTOLIRNEZRZKT5 2 R TED
N BEFEEE L THEBEAED TEBY . THz FERMEBS CIES % AT P G5 O JEEE &
BERRAESRENHRE SN TS, L LEEFED THz 3HHIS 27 M3 S oS . KERZ
HERCHUKIR O AR 2 W5 72O HHRICRFLES Z E N TE T, RAEIITS G % 5l
AT LOFRBEHNTE CHEMT L2 ENMHEATH D, LD, IBIRSCBEES T, ElTEE & V-
TR T2 ) TRITISHRENMT AW E W IREZNE L TWD, ZREHERE /N
H B PLGENTIRAET DA~ — MESIZBW L, WEREICHR ST, £/ OB@HE T
BRI CRERAET 5 2 EN T HRAEHIN AL T2 Z RN ETH D, ZOFRE
ZATHFEE IRED OIIR - JBATIZ X S TIEMERENITX 5V =7 7 7 /v THz BRHZROBF
WZHELY AT,

2. WHEOHB

HEZEONE TOMEICBNT, h—RrF /) Fa—7
(CNT) MEICI1T 2B IR A MR L 95 Z & T,
OIS EEWRE/ R 7 = 7 5 7V THz & v —DOfEfLE L Ok
SRR AT G 2 32 L C & 7o, ABFZE ClE, SR/ N e
2 WITECAN AN O BT IZE D fl A, U T VA A A TOIEARIE
AN AIRE/R 7 L ¥ 70 THz B A T ZEfl4 2% Lz, |
MEZRPERZEZMLE LTI, EBEOHFTTH LD LT/ & fl
BICHRET 5 Z LN TEZ5HA BE O SO IERIER IS A
DERE HIET,

1 BB BRER

3. WD ik

(1) BHERO/NULER OB 2 B, Ok —H A XD/ & @G S A AR O e
(LICHE D fTe, DIZOWTIE, CNT f5IZ 0.1mm LA F Ofifd4 fE TGl PN N ¥ —= 2 7 %17 9 7=
DO R—_v NBEIEEZBIRT 5, @IV ONT DR L0228 @& ki L v THz J6R
FHZ L B RBEZm LSS5 HiEAHNT D,

() B —DMETH S CNT fEZ 0.lmm FADOH A X T 2WITIT LA b3 20 THA % B %
+ %, CONT [l pRIE#IZ 0.0mm DY A R NNE—=2 75 Ny T E Y o OFETIIIMNTRL
BV VA MNEA~OMMPEICRIEN S D720, (/37 — NI O I CNT iz i3 5] &
IFLWREEZRY AND, CNT O XN THLRV A I R 74 VA TOL—Y—T 7
L=y a A2k 2RO Ky hoR"Z— U BB L., Z OEFTOAERAYIC CNT 5% SR
% B OHEA R O AT 9,

B3) (B LVQOHEMZMAEDLEDLZ LT, H—D 7 LF 7L THz £ P —% 2 Kmikiz
T LA LTeT7 LR TV THz I AT 2F T 5, AT, AFRIL7= AT 2R L CHHRE
DO IR ATS T 0O FEREICHR Y AT,

4. WFFERRR
1HO

FP. MO/, MEFCH D CNT JRIZ 0.1mm BIfE T F— v o 7k & A4 55
WOBIRICE VAT, SHOFHE TIE=— FLRBAEEST /A7 P2y FEEZHAWT
=V THROWMNERF 21T O N— "2 NBREZHET LI TETH-72M, CNT D L 9
7ol EREE R OLE . BMEBISRIC X W Lo G O R
BI—MEI2 L0 0.1lmm 27— LTI I LEICHEMER < B
BREOR—E U T E2ITHOZENRETHD Z EAVHH LT,
ZZTHRZEL LTCNT KA THz DRI « FEEUE & 7 L, /
Bl R OBEE R T THz e T os 2R, ¥
— A« LA VEMENENTRELZAEE NOMERK |
b3 57202, Az A~ ZAOEIHERE. b he2en [ ‘
A FEEEC 3 2 BFEEMEEICT 5 2 & T, RO A4 X
Z 0.1mm f2E F C/NUETH Z L AR LT, X1 EREESEEICKS/MEE

CNTf& 200 pm
—

(E3) (3 51)




(H®

R HREE % P00 B BT S o AR 2 R 5 72 O OfENT - K 5
BR AT o 1=, AZEMIEAT ORGSR, ONT % /NE L+ % & DTHz )t Thz3t
IR 45 DBV B OAEIIC L HIRE 5. @Ik 5 B
FLORNNC X BIRE LR O BB E ST TRENRM L4252 &
HI, 7272 L. FAL 2AOBORRERD S F v 2 LEB L
OF v VRIS w<i$&&®@ﬁ@%@ IR Y
WEHEOLIE (1THz D4 0.15mm) 23/NMUYEOFRFE. CNT
%@ﬁfgowfi O U= B & R L C i & Tt

[

SRR L LT, 1THz OHA 0. 1mm FEFE OEE 252 RIS

Ek&é:&ﬁ%%#ﬁ&oto o prpm——
WRIZ, CNT D 15 & 70 2 R ASKEE IS 52 2 B8l o\ T O % F AL 200 um [ 3
ST 7=, CNT I8 364K & i L C 5 532, THz Jlc Lo Em«—@ 2
THAE L 7= B B #ﬁbfbiwﬁm%?ét@m B ()T___*1
FERTFTNRD, £7-. ZORERTFEIZEROMLERICHR K &

LTINS Z EHH LM Lt(lzx,_wﬁ%mglmMs O bl
DEIRTTATF v 7 FHR (BMsEE 03 Wm K) ICEEE T 5 mmmﬂmMWW)

L0 LREMTH D ONT e Mt (ZRoBENE002s
WimK) 129 % 7 & T3 ERESREICRS - EnHbnics B2 BT AIRBEREL

277,

L—F—MIFHH HAK
5 RYLZEDAI L
( ) CNT 9%

RYyk | S08m,

2 RT7 4 VAR 1064nm DT = L MNP
L—Y—ZH\T 0.lmm DAY v F&JE ) Attach
Bt b, L—PF—ILHELOR) A I N7
ANV EZHEA LT LT VAT

DT, CNT BED KFFFAMR & 22 DR Y A .

B =
Slit

BEVES!

RERRD
111

(200K R ASRTA UL
HCEARER

RUASF

DA, FDOIRKENS CNT DAy HR 2 Wk
ST 5. WBICHTT 5 ONT 48 (:
>

CNT i , |50um,

(Aw) £91zHL

Release
DAY KA A XL 5 R TRk 7 -
glﬁr%:ﬂﬁﬁ“él LT, AUy ML m— 5 8, HEE
A DIIT CNT 78 CIEAHIC IR - oo Rt
RSB, MM AHY 1 3 K7 40k --

BRAUT VLT ANV ENGHBETSZ L RYASIFIAIL L

T, AV vy bofgEXz L LIevA 7Y 3 AOBESHERFTOMEREEIEEE CNT &

A AP CNT [BELEGEHEE 2 LT LA = 2RFTTLA

KT DI ENTED, RFETHIE LA

CEAREHTIC LY, L= —T~v—F 7 LTI EBE OB I GRS CNT A TER T 5 &
ERARE L T2 o T,

(3) FIANIAATIRYF o —h HASIL AR
(1)F L) TEI% L7= CNT o/ Mifp- [ p
2T VALE E ARG DE T, 7
XTI NTHz B AT B LT (K4), &
Ty v F—~ A7 &R REETER
LTRY., EEEMNE., TalEMm B R
VALl TS, K 100 BFEOH AT
TL AV NEERBLIEIAT Ny F— |
ZERIL ., WEXNZ DY A X2 bETY)
DG LT TE 2% HBEEO S VI EE . RSl N
BT A R EBIRT D Z LB TE, o g
MzZT, BAR LT3 A& AW 3Emk e

B SICE #A 72, THz okt 5
BRI OFEWEFHIT 5 2 & T, ARkl
NENER D4R W) - TkiE - BEERI DB Y A
7 & AT D IR E R A, BE— b
T A X —DOHEFEE P L LI AEED Y
TNEALNT=HK Y T EER LT,

f A P o
\

7
Bi/Au word line (Rear) Au bit line (Front)

X4 BFELI=ILFITIL THz hAS




D. Suzuki, K. Li, K. Ishibashi, Y. Kawano 31

A Terahertz Video Camera Patch Sheet with an Adjustable Design based on Self- Aligned, 2D, 2021

Suspended Sensor Array Patterning

Advanced Functional Materials 2008931
DOl

10.1002/adfm.202008931

K. Li, D. Suzuki, Y. Kawano 2

Series Photothermoelectric Coupling Between Two Composite Materials for a Freely Attachable 2021

Broadband Imaging Sheet

Advanced Photonics Research 2000095
DOl

10.1002/adpr.202000095

D. Suzuki, T. Okamoto, J. Li, Y. Ito, T. Fujita, Y. Kawano 173

Terahertz and infrared response assisted by heat localization in nanoporous graphene 2021

Carbon 403 409
DOl

10.1016/j .carbon.2020.10.059

Suzuki Daichi Kawano Yukio 162

Flexible terahertz imaging systems with single-walled carbon nanotube films 2020

Carbon 13 24
DOl

10.1016/j .carbon.2020.01.113




2020

2019

2019

55

2019




Broadband Bendable Terahertz Camera for Built-in Infrastructure Sensor

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

2019

Flexible terahertz camera with microscale free-standing carbon nanotube film array

NT19: International Conference on the Science and Application of Nanotubes and Low-Dimensional Materials

2019




