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Development of highly sensitive terahertz micro-TAS and its applications to the
nanobioanalysis
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We have developed a micro total analysis system for terahertz (THz)
bioanalysis. The chip, THz micro-TAS, consists of a few arays of meta-atoms, a microfluidic channel,
and THz point sources, and performs sensing using resonance response.The sensor section,
approximately the size of five hair cross-sections, can also be used as an integrated sensor.
Furthermore, we introduced electrophoretic separation analysis technology to THz measurement for the
first time, enabling the THz measurement of minute amounts of mixed solutions. The THz micro-TAS
allows for the evaluation of various bio-samples in small quantities, such as mineral precipitation
in water, time-dependent changes in blood glucose level in human blood, and the assessment of
single-stranded and double-stranded DNA. We hope that the results of this research will contribute
to the spread of THz biosensing in the future.

DNA



B X C—19, F—19—1 (Jth)

1. #FIERIA S D =

I, ARERE 2 S E 2 RET CIREEICITY Uy RS AT =D ER SR TE
D, BRA A FF v TORBPTONT WD, T 1 DOF v 7 L TERA o vlegle~ A
rgaX ALY ¥y AL G T —ICRPELRWERTE DD 720, SURIZEENHEAL T
WHLA 5T T T ALY TR 30 um~3 mm, &% 0.1 THz~10 THz OERK TH Y |
ZOR=FLF— (1 THz = 4 meV) OFFHET— RiX, ERED T OERERIIC 3 koot
FALEESBBRLTVWAZ D, HFL_XALTOERKKIEXA T I 7 AZHALNIT S LT
EEREHREZ G250, 2, FRERAOIHFEHCTHE - T TX R LT T~V N, F kv
VT DRERBATHD, TT~NNVFHIZBOTHENRAS T T v IO~ A 7 v Z 2AOHFEIRY]
LENDN, T T~V EORFRFICE D F v 7D a7 MEREEL L, 72K ~DHEW
IWNOFBCTRBEL 2D Z LD HINEELLS . Fy TR EZOH LBEAL TR,

Z ORERCIT T, Foxid, EREIREFIH LI Ye-7 T~V ABICER Uiz, 3
FEEBOETIX, LT T~V ED 2 OOWERDDIRIET D, DD, ZZTrRAETD
T TN DAR y b A RIHOPFETRE SN, Ho@mBEERT 7~V stie L
THERET A1, ZhAFIfT2 28T, a7 N CERERT T~V IR v 7 HNH]
HE/R~A 7 X ABAFNTED LWV ) BERIZE ST,

2. WO HPY

T T SA FIH DT D DERET T~V ~A 7 1 Z A (THz-uTAS) F v~ 7 %% L,
METOERBEREI O T 7~V 536 Hr 28 LT, Bz 2 LR ir R il o Al & X
AFAT 4 IVIERCERT 2 Z L2 AINET B, T T~ VYN ARV T1E, EIRES T
ORRERBUCRN L7 B e E M2 R OIEEHR RS CX 2 & LTIEREN TV S
DL ABRET (KY) TOT 7~V EESOWGEE & BRI K DR fERe 3 5 HIl O K & 72
S L 725> T D, A THz-uTAS TliE, FERIERESR T O 2 IROIEBTEN I TR S 1L 5 i) -
RS THz SO & 3kt & 2 n i B EH S8 5 2 & CZ ofEE kT 5.

3. WD Hik

B 1(a)lZ THz-puTAS F v 7 OEEAMEE Z 7~ T, KT v 713, IR FREN GaAs T, 22
TEREINDT T~V EESERE TOREICER LTz~ A 7 ok, BLXOET LA DA X
T REANBEREIND, AXT NAFAY~T VT NVEERT HEAZTFTHY ., o 7D
HLTWRWEEEME LGS L ORIREEEO L 7 FEEFRRDZ L TH L0 ES
BEE OV TMNARETH D, FHAIITIE, T3, ~A 7 nilENE IR Tl L, 7
TSR EEERBERASE, TOFEB LT I~V EETRIINH LT T~
WO Z BG4 5, K1 TIREEBHEZ R LTW5D, Mkl &R LD K& W
TR L TIKEIE R &5 2 L CTEE LIFHIINAIRE L 72 5, B DR 0 55
W R ART MV EEH L, T AEARIE CORIRE SO 7 hEEFRNT 5, —
77, IRBWH 2 EARMEM T OY 7L ORI TTIRESIKENC X 5 0BT il 2 X Lo T T T
~IVLYOHTICEA LT (K 1(c), IBRATERICEELEZ 2T CTEREINT 5 &, WRFP OS5
W UCEHALR (7 7 ~ b im0 ICBIET 2N R 5, 77~V EOME L E=4
—LTELLIET, 27 ha 720l T A8lB8WCESTORIENE—7 Lo THET S,
AR TIE, £TT 7~V SR TR L7z A ¥ 7 b A OHRISERFEIC OV TR A
1TV, 27 SHOBEKEL THz-uTAS v 7 OR—A b7 0 " AT v TR L
7o THEFALT, I3IA%5, B 7o a—, MiE. DNA 72 EHEx RIRiEOmEE >~
T EITV, Ty T OHBAMIZOWTREE LT,

4. WFFERRR

(1) AZT NLOILIESEEE

T TV IIRT LI OO A X T MLz T 5 &, ZTOHIBIEEIIFIE LZE0 o A %
7 N AOEFNT LA BSOS E AR T D, K1 OF v I TRIH LA X 7 b A (1 BHEER)

: \ ) Microchannel '.-'—_
A . ﬁx/ \{ﬁ

1x5 arrays of ey
meta-atoms
GaAs

(@) ®)

Large ) THz waves
molecular weight Small

molecular weight

g "
F

1. (@) 77~V ~A 2 aHA (THz-uTAS) DA A— (b) IBRATK
SRR & T T VY RERIC K DB T DA A=Y



1 x 5 meta-atoms

= Measured

(1 3um

o Simulation
10 g
A
5 o el & £ \A,\
2 ©—E;, % § oo
(@, = 10um) g o &
Z e
® =
(3
z

85um

02 04 06 08 1.0
Frequency [ THz ]

(©

(@

2. (@AXT FAEIELE X ¥ v SRR K OOT T~ BRSA
B)1x5 T LA B —DF T~V BERSH L (0)F D FHERE

DG, RO~ A 70X v v T LPATRIEN ST OT 7~V ETHRET 5 & Fv v 7RIS
BOWTHEERESERPSEZ Y, HRISENRBET L L2l L (K 20), £z, 2ot
RICEICHETDAZT b AET 7~V EOE TN ST A ZT FADHTHDHZ &N
ginode (K20b)), 1x57 A (B —HA X :0.057 My,) ORAXEF—OHIRREL
BJ2(e)”d, 0.55THZ IZBWCHHRE — 27 2 RK2Z L3555, ZHETDOAZT FADES
TN GICHET 5 A X7 N ABKIREEICARR Thololcd, ZoMEEZHWS & Kige
a7 MERHIFETE, £ 0 A X T FABCHERKIREEAHGEOND Z 03 Sho
776

(2) ERE VT

B 3(a)lE. /b3 —ZKERHGICR L TATV, 23— B (mg/L) & MRS D > 7 M &
DR E Ty FLIbDOTH S, KNS T OFE, 0.55THz fHTIC R — 27 3 5 Z & 2%
DD WIZ, WEENIZAK (0 mgl) #7 v —3%5EZOHIEY — 21X 045 THz fFE~v 7
T2 ZENTND, TRENERNLZ T IABIIRBEHRE TS LZ S Bl v v THDHZ
EMD, AF TRl v M —F —OMERIE Z SIEE IR TE TWD Z ERsn5d,
TN a—AREEZREL LT EHIEFREENEEEA~E 7 LT, ZDERE Img/L
DIRETH TETWD, FNVa—ApTRERENEZ 70 —3 253 TLVOERENS BED
ST Na—ADRHEIX 472 7 FELTHY | METRERERE P 7T T0nHZ L
AR LT, AT 5L, M7 a— R BEEOEEBERECHRETX 5, M30b)x
KRB OF » 7E2FHA LT, & MiEE» 7 E LT, BRIBHOMLAF 7L 2 — 2R ORRE
A2 IR DL 7 FEEZFRIL 7oy hLEbLDOTH D, B, ML d M E s 28BS
L. BffEE &b T EmE S TETWD, KEHAERIZ 7V a X2 —Z THlo 7=
R T D L, ZOBEMN BT LI EEHER L, Zofh, SXTALTUF—F—FDI X
F VG OFTHEOFHER, 1 A8 DNA & 2 AK8{ DNA ® T~V 7 U —3li7z E 21TV, 7 7~
NYBBEY L TRHOF T L TCOEMERHEE LT,

—— Empty —Q-BGL-Q)~Frequency shift

—— Omg/L 400 95
Img/L

o — 2mg/L 350 90
o ~—— 10mg/L o5 T
g — 40mg/L = )
3 3 300 £
s 3 80 E
E >
E = 250 7 8
& 2 £
£ 200 708
= &

65

150
. ; ' . : "
03 04 05 06 07 08 . . f T ;- 5
Frequency [ THz ] Measurement time (h)
(@) (b)

B 3. (a)7 /L a—AKEREB X OO ERIEZOMF 7V a—AREEOE > 7

(3) IREWRFPOBEEOMEE VT

X 4 1%, FEfiE (CHsCOOH. 4y 7-& 60.05) & 71 B4 it (CHsCH2COOH, %4y 1 74.08) @
BAWHKRDT 7~V 2L 7 ha 72077 A5ATHbD, ZNED 2ODEF/RE— 7 BNENIT
T TS, ZHHREWIETICE ENDIEEDO S TEOENNZELY . TR T T~ A8
JRETICBIET HRFMICERNEL LD TH D, HTROEBEXGEES v 7 U —EXIKE) v
AT ALATHECY TV EELILE IS, ARO=I7 L br 72077 AERGT 5281 T
X D IRABRTOEME L 7o A VR ERRICRE TE VWD 2 ™ otz, £
7o, INLXORODEBEELT 7~V YEHEERBEE VAT ATIIER LETHD 2 &



-0.80 0.10
N

—_ 0.82
3 —-
S-084r \ “ag 5008
K \r\ Ly \V 5
87086 \ Z
: it :

- Q@
S-088 \ j Loost
T
=

0.90

-0.92 : : . 0.04 - - - v

1000 1050 1100 1150 1200 1250 1000 1050 1100 1150 1200
Migration time [ s ] Migrationtime [ s ]
(a) (b)

4. BAEOFHE. (2)7 7~V il O)ERIREE L AT AFHH

EHER LTz, LT T, KF v FIIER D BER I AR DD Z ERARETH D | IRATEIR
WCBWTHHEFOMIEAEITH) Z L2 T 7 U — A OB IEE B ROB L & SN T
BT ENGTIo T,

(4) IR D E LD

T T~V P RNIREFIH L7e THz-pTAS 7~ 7 OB% & 2 o HICBET 2098 217 - 7=,
F o 71X OTHEEDAZT FAEFIH LIz a 0 FR&REHRRL, Val y MbdA—F—
DY TNVETT NENA— X — ORI 255 2 @ e ge ot B 7=, 2hix, 2k T
BADIN—TNRB L CEET T~NNINRAFTF v TOF X o EF T —HE2 5121 HE
BIZMRETH D, KF v 7 EFHTHZ LT, EEOE MK ZHE - 7z 70 a2 — AR E O
fli<o DNA Ol SIS TE S Z L 2R Lz, 2037 MEDNFRE TR 4 R AR & b8
Y —%1200F v 7 EITELS ZENRTE L ENLEZRILOHTICH RIS LTS, Fiz,
BRIKEBN DSBS HT A B AL TZ8 LWNT T~ LY S A ST FIEZRE LT, Zhicky,
ZNETT T~ FHUNEE LD T IRA AR P OWEEROBIRO RN ATRETHDL Z &
LTz, AKF v I, TNFETOT T~ AR FF o THBICBWCHEL ST TE =22/
IFREE & RE DO A RFFICARRT 22 N TE D, £ 12o0F v 7 Rllkkx Ik o h—<0
IMTTEIR R CED ML LW A F o 7L LTHMRIHATE S L EZ TS, AF
LD, TNETHR TE R T2k A R NA T T DOT Z~)V Y fEIRIZ B 1T 2 Bk
BMEDEWEBIITED LD, Hix LT = NRENIBEDO TS, 5%, ZhbT T~L
VT — HINEEEORBCAMBRERBUC LD LD IZEE L TW A iEIcI~ T\ 2 & T,
T TN T TEIRBTREEANICE R LT X TWD,

<GIHCHk>

O KLY I —=Ft 7 —H{ENER, [~ 27 v , 22Ut (2014)

Q@ WEFIREE, TV Xy FAA AT ——FiP G~ — 0 — O - Ersdfi—) , > —
T A —HfiR (2017)

@ J.-H. Son ed., “Terahertz Biomedical Science and Technology,” CRC Press (2014).

@ K. Serita et al., Opt. Express 20, 12959 (2012).

® M. Gupta, and R. Singh, Adv. Opt. Mater. 8, 1902025 (2020).



8 4 0 3

Kitagishi Keiko Kawai Takayuki Tonouchi Masayoshi Serita Kazunori 14
Terahertz-capillary electrophoresis (THz-CE) for direct detection of separated substances in 2024
solutions
Optical Materials Express 472 482
DOl
10.1364/0ME .500594
Kitagishi Keiko Kawai Takayuki Tonouchi Masayoshi Serita Kazunori 1710
An innovative detection technique for capillary electrophoresis: Localized terahertz emission- 2023
time domain spectroscopy
Journal of Chromatography A 464384
DOl
10.1016/j .chroma.2023.464384
42
2023
OPTORONICS 101 106
DOl
6
1 2023
Precision Medicine 74 78

DOl




18

2023
18~22
DOl
Serita Kazunori Kobatake Satoshi Tonouchi Masayoshi 4
I-design terahertz microfluidic chip for attomole-level sensing 2022

Journal of Physics: Photonics

034005 034005

DOl
10.1088/2515-7647/ac691d

60
2022
31~38
DOl

10.11370/isj .61.600

Mannan Abdul Inoue Ryotaro Murakami Fumikazu Serita Kazunori Murakami Hironaru Tonouchi 11

Masayoshi

A better understanding of terahertz emission from semiconductor surfaces with a phased-array 2021

effect

AIP Advances

125021 125021

DOl
10.1063/5.0077054




25 11 17

L. Zheng, M. Tonouchi, K. Serita

Reflective properties of a THz meta-sensor and its bio-sensing application

The 6th International Symposium on Microwave/Terahertz Science and Applications (MTSA 2024)

2024

L. Zheng, M. Tonouchi, K. Serita

A Terahertz Reflected Meta-Sensor For Blood Glucose Level Measurements

The 10th International Conference on Optical Terahertz Science and Technology (OTST 2024)

2024

K. Serita, M. Tonouchi

Design of a Meta-Atom for Ultrasensitive Terahertz Microfluidic Chips

URSI GASS 2023

2023

K. Serita, L. Zheng, K. Hara, M. Tonouchi

Meta-Atom design for a Highly-Sensitive Liquid Sensor

13th International Conference on Metamaterials, Photonic Crystals and Plasmonics (META 2023)

2023




K. Serita

Biosensing with Point Terahertz Sources

11th International Conference on Materials for Advanced Technologies (ICMAT 2023)

2023

[L. Zheng, K. Hara, M. Tonouchi, K. Serita

Evaluation of Reflective Characteristics of Meta-atoms Employing Point Terahertz Sources and Its Application

The 84th JSAP Autumn Meeting

2023

K. Kitagishi, T. Kawai, M. Tonouchi, K. Serita

Terahertz-capillary electrophoresis (THz-CE) for direct detection of separated substances in solutions

48th International Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-THz 2023)

2023

L. Zheng, K. Hara, M. Tonouchi, K. Serita

Evaluation of Reflective Properties of Meta-atoms using Point Terahertz Sources and Its Application in Microfluidics

48th International Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-THz 2023)

2023




L. Zheng, K. Hara, M. Tonouchi, K. Serita

The Assessment of Reflective Characteristics of Meta-atoms Exploiting Point Terahertz Sources and Its Application in
Microfluidics

The TeraTech 2023 International Symposium

2023

A Series meetings on Advanced Key Engineering (SAKE2023)

2023

2023

K. Serita

Scanning Point Terahertz Source Microscope for Biological Applications

10th International workshop on terahertz technology and applications

2022




M. Tonouchi, K. Serita

Sensitivity Enhancement of Terahertz Microfluidic Chip using Natural Evolutional Resonance in a Few Arrays of Meta-atoms

Photonics West 2023

2023

K. Serita

New development in THz biophotonics pioneered by THz point light sources

International Workshop on Terahertz Nanoscience (TeraNano 2022)

2022

K. Serita

Terahertz Microfluidics For Attomole- And Picoliter-level Sensing

47th International Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-THz 2022)

2022

2022




42

2022

2021 MWE 2021 - 2021 Microwave Workshops and Exhibition -

2021

M. Tonouchi, and K. Serita

Meta-atoms for Terahertz Microfluidic Chips

The 2021 Frontiers in Optics / Laser Science Conference (the FiO LS 2021)

2021

2021 OPT02021

2021




F. Murakami, Z. Li, K. Serita, H. Murakami, and M. Tonouchi

High resolution laser terahertz emission microscopy using near-field light excitation

5th Symposium for the JSPS Core-to-Core Program Global Nanophotonics 2022 (GNP2022)

2022

K. Serita, S. Kobatake and M. Tonouchi

Optimization of metasurface design in terahertz microfluidic chips

The 82th Autumn Meeting, JSAP-OSA Joint Symposia 2021

2021

A. Mannan, F. Murakami, K. Serita, H. Murakami, M. Tonouchi

Visualization of phase array effect in a terahertz radiation pattern from the semiconductor surface in free space

The 82th Autumn Meeting, JSAP-OSA Joint Symposia 2021

2021

THz

The 82th Autumn Meeting, JSAP-OSA Joint Symposia 2021

2022




I-design THz

82
2021
4

K. Serita, G. Chen, M. Tonouchi (edited by Giancarlo Righini and Luigi Sirleto) 2023

Elsevier 562

“ Nonlinear Terahertz Photonics,” Chapter 5, pp.113-148, in “ Advances in Nonlinear

Photonics”
2024

7

2022
317




54

2022

508

1
https://resou.osaka-u.ac.jp/ja/research/2022/20220628_2




