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Wavelength-tunable, dual 2 ym-range light source for THz-wave generation
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Terahertz parametric detection using a lithium tantalate
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Nagoya Univ. !, °Sota Mine?, Shiki Tanaka®, Kodo Kawase', Kosuke Murate!

E-mail: mine.sota.v5@a.mail.nagoya-u.ac.jp

T 7~ (THz)2XT A N U 7 BT IERE LT R L 0 THz J & "l R e 7e &
W7y T ar =g 52 8T, THz WO REERMA I TH S [1), THz NF7 A MY v
7 BRI ORI 2 1) LT 572 01E, SV E S, SO RGO RIR s A
BT DI FAEROBINNEE CH S, T ET, LiNDOs (LN)IF 2D D&M 2 7= T
IR & L TR WO TE R, L, LNORT X MU v 7 RfEMEL 725 0.8
THz LU F=° 3 THz DA E O @ EE R IR O FERE L FiE b OB R M ETH D | KTP fEdh7e &
DI FREROFIH L ME SN TV D [2], £ 2 TR T, (KE M EROKER L% B
8 LT LN X0 HIEERFEIEIC BV TEWRT A MY » 7 FIf5%2F 3 % LiTaOs (LT)D THz /37 £
FU w7 A~OEAZ AT,

Fig. 1 IR F X 91T, THZ BE LN ZHWTOBEAR THz X7 A U » 73 AR TRAESIE,
JE e E A D) % R M AR TIOE Lo, THz IR EF A THZ WA 7 v 7 2 — 2 2 TR~
IR SE2%, IN FRE LT 2N THZ 8T A Y v 7 BHIic L v i L,

Fig. 2IZLN E721X LT Z W2 THZ 2N F A N U 7 8 O S/ I HH RS EE O JE B A7 2 om 3,
R TRT LN ZHAWZTHZ NZ A R U 7 /I 0.8 2> 5 1.4 THz {53 C /Mg U EE 2385+ ad,
1.7THz TO0S5lBETH-7T-, TDO—FH T, LTEZHAWZTHZz 3T A MU v 7 ki3 0.8-1.4THz
O THR/IMRMEE 2L a) & LN X0 b @ ERMRHNRETH D Z & 2l Lz, FFl2 0.8
THz TiT LN & BER_TH) 15 dB FREE O/ MR HHRFEE O\ BN R 57z,

MgO:LiNbO4 > 100
) =
MgO:LiTaO; = o LINBO; o LiTaO, .
for THz detection Pump = ;
C 100 1)
[}
'y :
Detection c
Stokes THz attenuator S
E 11
Y 5] "
Spectrometer . -E N ; ;
Pyroelectric o e A
detector @ X z E 10aJ _—_ S
= et
A Seed £ -
e T s

MgO:LiINbO;  Pump 100 zJ

for THz generation 0.5 1 15 2 2.5 3 35

Frequency [THz]

Fig. 1 Experimental setup for measuring the
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Fig. 2 Frequency dependence of minimum
detection sensitivity in THz parametric
detection using a LiNbOz and LiTaOs.
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[1] K. Murate, S. Mine, and K. Kawase, IEEE J. Quantum Electron. 29, 1-13 (2023).
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Multi-wavelength terahertz parametric generation using higher-order Stokes beams
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[1] K. Murate, S. Mine, Y. Torii, H. Inoue, and K. Kawase, Sci. Rep. 13, Art. No. 12743 (2023).
[2] K. Murate, S. Mine, and K. Kawase, IEEE J. Sel. Top. Quantum Electron., 29, pp. 1-13 (2023).
[3] S. Mine, K. Kawase, and K. Murate, J. Infrared Milli. Terahz Waves, 45, pp. 116-123 (2024).
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Terahertz parametric detection using pulse train pump beam
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Nagoya Univ. !, National Institute of Information and Communications Technology.
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E-mail: kinoshita.toshiki.v8@s.mail.nagoya-u.ac.jp
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SR [1] K. Murate, S. Mine, K. Kawase, IEEE J. Sel. Top. Quantum Electron. 29, 8500813 (2023).
[2] K. Murate, R. Kawaguchi, S. Hayashi, K. Kawase, IEEE Trans. Terahertz Sci Technol. 13, 561 (2023)
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Frequency Stabilized sub-Terahertz wave Parametric Generation by Spectral Drill Cavity
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OM ®—H', KF BT BEX RES BB #=, HE £45° BR #E!
NICT !, Tohoku Univ. 2, Chiba Univ.3, TOHTECH 4, FHLUXi Inc.?

E-mail: hayashi@nict.go.jp
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—7% 23 ml/pulse (VL ANE: 0.6 ns), WRATEDEANNT =24 W (CW) DL &, (AR
a2 LR DEAROERAESED 2 LI2L -7, 029~ 1.0 THz O TH 7T T ~L
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REBAIET IANILYBREBDHE
Frequency-tunable high order terahertz vortex generation based on the soft-aperture
difference frequency generation
FEXE!, TEXEGFXSIVT—HIRELE 2
OM) BIFE! B)EHEE'! BGERREAN! EXRE !
Chiba University !, Chiba University Molecular Chirality Research Center?
OMizuki Adachi!, Yuzuru Sakai!, Hayato Fujishiro!, Katsuhiko Miyamoto'-?
E-mail: k-miyamoto@faculty.chiba-u.jp
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B LTz, 4 ROT 7~V @k imOFFH#E A Fig. 1027 d, BHEL % 1.51~1.64 pm O
FPH TR 59 C, HuB SRR AR FF L2 £ ¥ 2-6 THz OHPHT (= £4 OF T~ Fi%
BRI I Lz, ARITHUEAER &S ET 7~V 5~ ERBIT 2 TETH D,

(@) | e=4,4THz | £=-4,4THz| (D)
s
S e
D 7 y
@ S
= 01 -
= /
_ _ s
Tilted lens Tilted lens 9 (=4
w
0.01 . . ' . \
1 2 3 4 5 6
Frequency (THz)

Fig. 1. (a) Experimental intensity distribution at 4 THz vortex beam at £ = =£4. (b) Frequency tunability of the THz vortex output.

HEE ISPS BHJFE (JP22HO01980, JP23K17885)D K 4% % %% 1} 7=,

[1] K. Miyamoto, K. Sano, T. Miyakawa, H. Niinomi, K. Toyoda, A. Vallés, T. Omatsu, Opt. Express, 27, 31840-31849 (2019).
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Terahertz wave radiation using longitudinal component of nonlinear polarization
and its application for beam steering

HALKHE ", BALK RSB IOH *
(M2EW AW, BER B, kXH BE

Dept. Physics, Tohoku Univ. !, Org. for Advanced Studies, Tohoku Univ.>
°(M2) Hiroaki Iwase!, (B)Hiroaki Shirasaka!, Seigo Ohno'?
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ZnTe #&dhIx, JTARSMEIR & 7 7~V (THz) O JEIT NI < . SR %I L= THz %
FAEBBRIZBW CIRENAREA S 2= 2 b, WRIOBE VA L—F— (2 X V)
LT DI A & LA FIH SN T 72, [AEMIARFES S0 F Cik, i Y B s
6] & AT 22 IR MBSy (RERRAY) 776 DT T~V WL, E S HE G LW &b
BHEEBLR2NEDOD, ZOKRE SIS & N THAROMEZH>, FE, e oaig s
& EAZ LTINS, T T~ A B - & X M) & i S 407 THz i, &
eSS 31T 2 B A A S 4 20 U CREMIC G &0, Mt T& 5 2 L A aiEERE Lz[1], 2o
FIEICBOW TR OEN AR v MIHE SN omE SR E LT, T I~ Y i
BRI &5, EHrBEERIC LS < & AIROERAEOENOEEOWKE ZEHKT 5 Z
EMTRETH D, AW TIZ, FDOTFEL A M L— 3 & LT, RO B — AT & BRI
295 2 ECFRERERO THz JEREL,

SIELORITIHERIETS E= 27T g T g AT

N N <
FEBRTIL, (111)H » D ZnTe fEfRmO T -
P4 y%ﬁﬁj\&:i‘j‘ L//C\ ?&E 800 nm 0)7I.ZA f\ f=50mm ch ?iﬁ;gr‘:;\ lens " [111]

BL 2 & [ LTS L7, Bt g e

Z U KUY X(CLIZ L » THES /Probe Jy cP 1‘

EIC IV CHEMIRIC AR D & 9 I8 Lz, e

642 7= THz 3817 %F UReRAE L4y ¢ 4 A —  Fig. 1. Experimental setup to measure the THz wave
2L 7 EHNEAT o T2(Fig. 1)[2], F 2T y il from nonlinear polarization with longitudinal component
FFIENC A X v o5 2 L I A O in ZnTe (111) crystal. PCA: photoconductive antenna,
NARETH B, Fig. 2 |2 CL DIEX%2E %7~ WG: wire grid polarizer, CP: circular polarization, NLP:
L X ORI OSSR & THz B O nonlinear polarization.
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MF % (JP23K04567, JP23K17885, JP22K04940, JP22H01980,
JP22H01253, JP21HO01018) D42 %3213 7=,

[1] EMESLRT, KEFRE, “FER B 2RI Lo T Z~
VRO, 8 71 BS AR SETHIGHERS, 23a-
P03-6 (2024). = H
[2] H. Iwase, S. Ohno, “Direct generation of a terahertz vector beam from Position y (mm)

a ZnTe crystal excited by a focused circular polarized pulse.” Optics
Express 31, 26923-26934 (2023). and corresponding beam profiles on the
focusing plane (insets).
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Fig. 2. THz time domain waveforms,
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0.1 THz electro-optic imaging using a highly sensitive polarization imaging system
REAMHMFEMRZRAS |, HREEFREE’, QUTRHBEMKE’, AMKR!
CEE TR KE MW, MR ER F@ KA, BR FTY KB F #EI FRE'
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1. =

BRI F(EO) T 10— 7%, —IREBEIEFIFRIC
X DBRUICIEG U EOfE S OB 2 b & 5
B, — T T EE R B A V0
729, THz H & COEBEREMINELZRD, 7
HEMESIR. CHFETICH LT, EOfEgmE A A
— TV EAADYE, BEEERE LT
BT D AT LEREL, IV EHRETOEHE
B O R A SEEE L7 [1].
ARFZETIE, EO fifh & MBI REA A —2 v 7
VAT I, a3 DA TEE AT R IR AT
WM AT LEHWD Z LT, HERKEEE
0.1 THz & £ THLIE L, 0.105 THz &R 4540 O w18
kx24T -7=.

2. WEHREERGBIRAT A

THz FERIUZ L > CTEO#Eah CHAT D EIT=R
EACIIFET I TH D720, BV ME Sl
(SNR) CORBBMEEL 72D, LInLENG, A
A=V UV EFEDOT 5 N F A F— RIZFEEIC
IO T, fafn LT <, AR E ERAMKL
o TCLED. £IT, FoxldfsmzE Lo Bl
BB EL DAY 7Y v KRt 2 8E# L2
YA A=V IR Rt T2 Bl &
fRYETHERk & 32 2 & T, FERICEVEE TR
AL w9 5 FIEZIRE LT[2-4]. AFETIE,
A A =T Y EFE~O AL E AN L CHE
FEAFnz [FE Lo, fAEFHEEZ KT HZ L
MWHREE 72D, EOREE, KEIObEE% BO fid
ICAHTARE & 720, SNR NREERIICEE SN D.

3. THz EREBMBI AT LB L OWERER
X 1) fER L 72 THz EFRURE S 2T LD
XX 2R, BEGROWRE LT, 6 HEE%
FWT 0105 THz 4B L, X 1(b)IZ/R &4 WR-
10 SEPEIGIC EO fdh 2 BlE L CHptg s Jehi L
7. EO ffhI3/E £ 0.1 mm (110) ZnTe ZFH L
7o BESHE O THz BRUIA A=k D7
L— A b— MZxt L CIERITEW 29, EO fidh
ERAETEZIFHE L THREAT XA EIC K
0, BEBREREIToT-. 0L E, EORENIC
AT DRI D JE WA & THz B O 725k
Sy INERREIIZIF G L5 & L TmEA

(a)
TRNER  (f o= 105 GHz)
|

I
DER ”‘*"H ;ﬁgzéﬁﬁlﬂlmazm&

A=780 nm

RA A=Y
1/2,1/4

@) L fe= | fae=fio|

> " IF RF LO
> 7% IRRIR =90 Hz
I SRS
1}: 27V %

SOA SOA
.
- [% 1/4 HER

FeiENE TEFRNVE [ 1/8 BER

EO #& ((110)-ZnTe
fre= 105 G + 90 Hz

@ fLo’= 26.25 GHz

foe'= 17.5 G + 15Hz

FIHAES

7 fi#Birad)

10 mm 1mm

1 (a)0. 1THz BARIRGE > 27 250K,
(b) FtG el 5 WR-10 e o, (c) BRI B

A= TCEHMEND. Z OEFEARKICIT,
P K 780 nm O H—JEHH L —F — 2R E A
ENFHZE AR A B AN B e L T2 2 AR RE
ZWTED, 0.105 THz OFEREE RS 28
To. EHIT, A4 T A HISOA & T —/3—HI SOA
D 2 BHRIEIZ X - TR 217V, M85 ERkiG:
VAT AIASL, BRBEEFER L. A A -k
%% 360 FPS TEIESH, 10000 7 L — A5
FFTIZ XV 2Z=BP Ay D 90 Hz i35 Z LT
o T, B ()R &5 BRGREE 54T & ALFE Sy
i %137

Yea AEREFETIE, 0.1 THz L0 b EWERE
WNEEST D720, Zhz2FH+252LT, &5
WZEEHOERMB LA TH D & RiAEND.

[EEE]

AHFFEBR 1354 SCOPE(JP225007001) D236 %
ZFT2bDTH D, LSI FKEHIF KT VDEC I5H) %
WL, ATV ARKEHERB IO — A A EDA ¥
y UMK Etom i cithhr-.

(8% k]

[1] K. Sasagawa et al., IEEE T-MTT. 55, pp. 2782-2791 (2007).
[2] K. Sasagawa et al., IEEE T-ED 69, pp. 2924-2931 (2022).
[3] R.Okada et al, Jpn.J. Appl. Phys. 62, SC1052 (2023).

[4] K. Sasagawa et al., Opt. Continuum 2, pp. 758-768 (2023).
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Reflection-Mode Terahertz-Wave Phase-Contrast Computed Tomography
Based on Michelson Interferometer
WKL !, EH 2 CODEAAM, EAKRFE? HXEH!, KBMT?
Yamagata Univ. !, RIKEN 2 ©™?Hisato Tsubakiya', Yoshiaki Sasaki?, Tetsuya Yuasa!, Chiko Otani?

E-mail: t233031m@st.yamagata-u.ac.jp

T T~V Y, 0.1-10 THz OEIRAN DS BRSO RO BRI 215 L, OEEEE £
< OB x5 BRI EmENE & 20, 2o A AL, ChETICE EE8 £ THz-
CTREINTVDN, ZOIFLAEITIXHBRCTO LY ICHBREFRELRELTDH. LiL,
JEEE Y R T A N CT TiE, sUEHmERERS CTOME ORISR T2 7 —F 7 7 7 S FEA#
BRI 2R H o 72[1]. ZAuxt L TR 7 V—7 T, MRSl 52 & 9% THz-CT
BRREL, 7T—F 777 7V —TEENREBRFHBREZEBR L2, LrLIZOFETIE i
FIEH 2 UG T D 7201218, &K 3 BOMBER 280 K LTS L72%IZ, TSI T
YTy B AT AMNENRS D, FHINCEER N 2720 TR, IRENRT AT Y X LD
IPVMUART > T TR CIIRIBN AL E TH D, AFZETIL, 1 [BOBAER TRE & TS
TE, N7 Ty 7Bl URWHTRINF CT 2428275, — &I, BB Z2RE L1-5HE &
L2V O EZET, SN ITERSAE OEWOEEE EOBFES IS5, Lizn> T, KR
EEER ETIE, WENEORIT RO 2 R TE 5. HEEESED 70, JERETE R
LA TN CFWEHNZ K DT T~ VYRR IR T E ST (THz Swept-Source Optical
Coherence Tomography : THz-SS-OCT) DJFEEA HW=[3]. F5061%, REt2 & L=%, BT
MICERE L2 2 7 —C SNSRI 2Em L, 2HLE T3 5. OCTFE0 5 G S
NoHHEELEEHRFE L LT, FBP (Filtered Back Projection) 412 XY AT 5.

Fig.1 I, #§5E U 7= B THZ-CT 3 A7 LA DOEXX TH
5. HEDPHDOT TV, FAE—AIILT, VY e ngm’
A BE—LARTY v H (Si-BS) TEEFHESMRIC 0T M1 - M3 : Mirror

B (BB, Tl o X (12) 10 ko Tk (E—Lf sog T
20mm) S, WEETET 5270 L2, A7 ’ [~
— V%GO T — M3) IZET 5. Si-BS ICAH LG o / H

B BREAESh, BRI TRILShD. £, 3 " Lo A
FEETHAT =1L, CTHREDD, With - LI g0 <ﬁf

BEHT5HBHAT -V Th b, ERTIL, Fig2 ORI ERE T e s O
20 mm OTRORIAMIEZFEE LT, CTHRE L. 8 ﬁ

JRTIX, 600-660 GHz OFiPH% 0.107 GHz fillm THig| L7z Soure

F IV EHET S, AT —VICEE L REN T, S Fig.l Reflection-mode THz-CT system
bR CENZNAHE - Bl A mIcBE S E 5. HERmIE
AT —UBE A0 IR L TR L& %, FBP IE T

DERTF-Z R LT, B oo mE g (Fig3) XY,

NI ORI R CE TS Z E DR TE 5. L

2L, sUBHELSCHRELOMRENC T —F 7 7 7 M3 0, )

DALESCTE b RN IEMZLR N 5. 5%I%, IRESRIECH

BT ADREL, BFROKBELIT, LD

ki EE R PR G O ) & B HE . Fig2 Sample Fig.3 CTimage

BEE

[1] B. Recur, A. Younus, et. al., Opt. Express 19, 5105 (2011).

[2] M. Suga, Y. Sasaki, et. al., Opt. Express 21,25389 (2013).

[3] H. Momiyama, Y. Sasaki, et. al., Opt. Express 28, 12279 (2020).

© 20245 [CHEMEBEZS 03-434 3.8



19p-A34-10 HESEISAMIELAKELHMES BETHE (2024 KHAVLEN2RIBEAYT1Y)

ERPDBLOTIANYRVITVEIELGHA FA—DVYT
Terahertz single-pixel spectroscopic imaging through packaging materials
AXRRI, OfEA AE, B/ BX JIE RE HF BE
Nagoya Univ., °Tomoki Tanetani, Sota Mine, Kodo Kawase, Kosuke Murate
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T Z VY (TH) A WA A=V U ISP HIRE SN D0, A CRIEER T A Z 372, 7 A
H— A% ¥ o CIRHERBNEWNE WS N D D, = 2 CTUE, 1BFEDT 47 7 Z THEBEIGN
WREIR L TIVE T R A A= 7 (SPI) & REEN D WG A & THZ I CRIF$ 2 Z & BMRE &
WTWD, SPI T THz BICZERIZR Z 0T, By —2 L R Has O mME O/ A DD b i
PHERTHTFETH D, B—HRESREZAWDL ZEnbEMiR Rt R REL R, ST AH
WRmAFSICED Z LN TEXSE7-0 SN EOm FIZo R 5 LGS TW5, £7-, SPI CTldEHEt
T [ E FHEN D R TR A VD 2 8 T, AERFRE O MEMEN A RETH D, THz # D SPI I
Bx RENRENTWED [2], XA F I v 7 Ly PPN LW 0 7 X A HELR R - [0
NIRRT E T, U E CERDE L DA A= I3 Lo T, E72, THz o SPI FiE4%
AW HA A=V T HIFEAEHREIN TR, £ 2 CTARIETIE, SV & RHEEE R 5
AEVEEF T DHEANTLT T~ 8T X R w7 34AERR(s-TPG) [B]12 AW T, i Loy 7
W TRV HA A= T EATo T,

Fig. 112is-TPG Z M\ /= SPI & 27 LD EFRZ /R, THz AT T IVICAS L, Z0%E~ A7
TZEMERZ 0T T2, o T NBREO THZ JiE @TES R A —4 — (6K) & is-TPG DifiiiEfe % F
32 )7 7~ T7 A N w7l Bz AW CGHIlE Nz, ~ A7, ThETho/ ¥
— L TCZERE R SR A R o Cyclic Hadamard S-masks [4] (B 7 2L 2 0.3 mm) Zfniz, EngE
FWEAEEAT-DITERT R A > 7 TPET 74 VAL A7 ZHIBIL, “IRTLAT—I T AT /K
— U ERE Uiz, A A=Y 7T 12.3mmX12.9mm (41X43 7 V) (TERE Lz,

R AT LW THREO DA A=V v T 21T o7z, THz B ICRESEDN R 22 I AT K
NEHETAHZEEZRAL, BT EORED THz IE R R ORI 50 2 57-, K2 120 A A—
VIURERE T, AWEREIIKBILTAI =T L, T =R, Ja—RA, v/ F—RATHY,
ZFIZFH 1.39 THz, 1.42 THz, 1.48 THz, 1.62 THz 123\ T THz I8 2 WRINT %, idEA <L v MRIZ L,
B A NRIZO IR &G ETZ Fig. 212739 > 70 % Fig. 20023 ZAEE 2 Ko, KIEE 2 o)
5725 25 dB 8 (1.48 THz [ZB W\ Q)i L CHIE L 7=, Fig. 2(c)-(HicA A —T > 7R AR T,
IS U RIN AR T X, W L TODNA A= IRARETH H 2 & RSN,

XZ stage _
/ I O []. 2
MgO: LiNDO, A | Sample __(_al?:)l_o_n_le_tf: _________ 08 i
for THz Emission N
or thz m‘ss"’j’, ‘ | — Pqu beam D %
Pump beam )4 k ‘ s §
1084 nm . 2 [V ()] 1.42 THz j] 1.62 THz !
450 ps, 50 Hz #/ Seed bean = )\ Detection - g
1068-1075 nm ey hMTgl_lOZi l[-)"::gia ;\\ﬁ\:i;f,|4;‘% beam - s g
cwW, 500 mw r stetio U e =
Mask malrix |__ (b) Parametric detector <
Fig. 1 Experimental setup for SPI with is-TPG. Two types of detectors Fig. 2 (a) Sample (b) Packaging materials (c)-(f) Spectral imaging
were used: (a) a bolometer and (b) a THz parametric detector. through packaging materials
HRE
AHFFETFAITE 19H02627, 22H00212, ST AIFERIMFIE S 1R F3E IPMIFR212) DB 252 726 D T,
B 3R

[1] M. F. Duarte etal., IEEE Signal Process. Mag., vol. 25, pp. 83-91, 2008.

[2] P.Duan etal., Appl. Opt., vol. 55, pp. 3670-3675, 2016.

[3] K. Murate, S. Mine, and K. Kawase, IEEE J. Sel. Top. Quantum Electron., vol. 29, pp. 1-13, 2023.
[4] P.Kilcullen, T. Ozaki, and J. Liang, Nat. Commun., vol. 13, p. 7879,. 2022.
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3D imaging with subcarrier FMCW radar using a resonant tunneling diode terahertz oscillator
HIK ONEB B FJoa 7FU7Y, 88K EX
Tokyo Tech. °Satoru Yaegashi, Adrian Dobroiu, Safumi Suzuki
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T TV BIEE DO EWGRERE E BRI DA A=V IR UV T OISR T TN D,
JENE R o RV Z A A — R (RTD) F&IR g3/ N SR B EAS vl RE & JEE - & H ) OBk 2 o 7 )
ARAEL L THEHEAZEDTEBY . TNLICHFZEICHWDDIZE LT\ 5, Fixix, RTD ZHW\W et~
F ¢ U 7 JEIEEER S DERE (FMCW) I2 X5 1 Ot BEBERIE » A 7 L 5L L AR YR 72 0.61 mm
DOREBEREN & R T 1 EHT-0H 4ms OV TV Z A LRIE2] % R LTz, ABFFETIE, AR 3
T—HMNIZ2D TAS —=AF ¥ LV EMBEDETIZID A A=V T VAT AIZOWTHET 5,

Fig. 1 ICHIER %77, ] L7- RTD IR OFIRE AL 680 GHz THIIEHKI 10 yW Th 5,
FMCW OZGRE" (Frv—71E5) IHMEEREREAELEE (AWG) KV FAESHE, RTD & I FH—0DMN
HCAEND, #—5y NTRIFINTHELND RFEFSE LOBEHIEIF 7 S, 2O, RF
155 & LO MG 5 ITIT B O3 72 RERIBIE N B AT D720, IF v 7/ TSNS IFE 1%
=7y MBS U AR — MEB L b, ZOIFEEEA Y RAa—TTT7— Y =44
L7212 PC CHEERHR 1T o 72, Z OB, IEfERES O — 7 it D7z /b R EIEIC K 585
NI T7 4T 47 LTz, WIT, Fig 2 ITRT O, X AF v & ZAX ¥y O 2 DORER
RT—FHBL. Iy MIEE LS 20 a—F—F 2 —T Ik LT AX —2F ¥ V2T 72,
FrrRAa—IIBITLZERFFITRAKNT50 dBm BRETHT2, /A A0b E— 27 Z 3BT 5 B
1%-60 dBm (2, [El#5 3 T —DEEMFEITEFEANC 1° ITRE LT, 3D A% ¥ i - fE %% Fig.3 I
R, RERONEN S OREMROREIT RS —F > FT28mm (FFHERFAE) THY ., MEO KD
FEEMBARE NV SICERL TS EEXH X5,

AHFZEI IR ER (24H00031) . JIST-CREST (JPMJCR21C4) , SCEHE X-NICS (JPJ011438) . SRS ARIM

(JPMXP1224IT0018, JIPMXP12241T0019) ., B KLV, m— L DR A2 T T2,

[1] A. Dobroiu et al., Sensors 20, 6848, 2020. [2] J. Ito ef al., IRMMW-THz 2021, China, We-AM-4-2.5101692.
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Fig. 1. Schematic of the measurement system. Fig. 2. Optical setup. Fig. 3. 3D scan results.
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Distinguishing carious and normal areas of teeth using terahertz time-domain spectroscopy

BRX L—Y—8 ',

ERERER

REBRF R/ HRE 5,

&R T K S8 8 F Bl s B ¢

CM)/ME EBA' B EH

Verdad C. Agulto', hngE FBE/E',
=il OREY gBll HE?L Bwa £E2
B®E BE

/IE Hi
i B

Wl tH#d, & EEY

ILE, Osaka Univ.!, Grad. Sch. of Med. and Dent. Sci., Kagoshima Univ.2,
Kyoto Prefectural Technology Ctr. for Small and Medium Enterprises?,
Applied Electronics Lab., KIT*
°(M1) Haruto Kobashi', Wangxuan Zhao', Verdad C. Agulto!, Kosaku Kato',
Koki Miura?, Takahiko Shiraogawa?, Yoshihiro Nishitani?,

Naoya Kurahashi®, Yoshinori Sakanoue’, Sadami Tsutsumi®,
Nobuhiko Sarukura'!, Makoto Nakajima!

E-mail: nakajima.makoto.ile@osaka-u.ac.jp

1 R

T 7~V (THz) B I D E RS T o % KL
TREA }‘(Calo(PO4)6(OH)2)72 WL, ¥/ X
PrE B VEBERAZAEI RN LD, HE
@%c:% DA~ H 75%@@?%%(
WD, HEITZIMAN S = AVE B,
FR TR STV b, =T A VE LS HE
R OKEEIET NZ A b i’faf%thf%h%hk
X 95%L 68%% 5, FRY ORI ITHEY
KK TH D, = ANVERLRAEITHE R DN
AFT 4 VDT T YT NERT D AR
Qtofﬂﬁ S, EORERIEBELE 72 D[1], D2

W CHREEER X E R &L & e ~KER LT X% A D
RN S L EREBIRT L TWA, > T,
T TN KT ANVE B FE
& E ORI AR T E D LHE S D [2],
ARWFFETIET T~V BB BE R 45 5% 1% (THz-
TDSHZ LV = F ANVE, GFE & PRIKRF'E
DT T~V BRI 2 E L Ol &
1To7.
2. EBr
LoD T AVE, BHFE., BIKGHFE DY)
FaEsetE LTHWE, EXiXEnEn 237
pum, 158 um, 92 um CTh 7=, AHFIEIZIHB N
THK SR FE I TERERE 2 L2 D & LTJEH
WHi, IEERRTE %5%0) EDTA ¥&ZIC
HMRET 22 &1 %%nt[z]o /EIJ/EH%E
ZhrE, BN iﬁzks& 5w B T2, R
FR I %ﬁénfw

AEX 7 = P L— % &tm%Y/T
F CTHERK & U7z THz-TDS #: (& (TOPTICA,
TeraFlash Pro)% iV \’Célﬁﬁﬂlﬁ'@ﬁo Too 22K
DK ié%?mw/&®%ﬂ%mzé
720, HENEE 1.5%LL N2 5 K5 ITHHE
/I“?\’C%Tﬁ L7, iBHIMRAR N HED L
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Fig. 1. Absorption coefficient spectra of enamel, dentin, and

decalcified dentin of bovine from 0.2 THz to 2.5 THz.
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Fig. 1 (a) Gas-phase spectroscopy
of dilute acetonitrile in the THz
range and (b) comparison of the

result with the database [2].
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Fig. 2 Measured constellation diagram for 16-QAM
at the baud rate of 3 Gbaud (12 Gbit/s) for using
Fig. 1 Photo of a part of the experiment. UTC-PD to FMBD via COP fiber.
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In recent years, sub-terahertz frequency bands (30 ~ 500 GHz) have brought major attention due to their
high potential for higher transmission data rates and larger bandwidths in wireless transmission. Especially,
millimeter waves from 30 GHz to 300 GHz became a major development target for high-capacity networks
with data rates over 100 Gb/s [1]. However, with increased operating frequencies, the degradation of SNR
and data rates occurs due to increased atmospheric attenuation, non-line-of-sight propagation, and free
space path losses. To address these challenges, high-directivity and high-gain antennas with reconfigurable
radiation characteristics are needed. Among the beamforming techniques, metamaterial-based designs, both
passive and active, are intensively studied as alternatives to more complex designs, like phased arrays [2].

In this study, to cope with various demands for the radio coverage extension in Beyond5G wireless
communication, passive multilayer metasurfaces with radius size-controllable transmission phase variation
are experimentally realized. Fig. 1(a) shows a general schematic of the phase gradient of metamaterial cells
that results in the beam steering of the incident wave during the transmission through the metasurface.
Different-sized metamaterial cells were combined in a way that the metasurface exhibits a desired
transmission phase gradient across its surface, allowing for beamforming of the incident wave into a
predesigned direction (0 ~ 38° in this work). Fig. 1(b) shows an example of a fabricated metasurface device
with gradient metamaterial cells. Except for the beamforming characteristic, the device also shows good
flexibility and optical transparency, making it a promising candidate for application to various surfaces,
including curved geometries or windows. The inset of Fig. 1(b) shows simulation and experimental results
of the near-E-field distribution maps, that were in good agreement, confirming the correctness of the design
and high precision of fabrication. Fig. 1(c) shows far-field results obtained for various beamforming angles
at 300 GHz. The main lobes showed as-designed beam steering angles for all metasurface devices.

In addition to the E-field distributions of the presented devices, the data transmission rate measurements
were also carried out. For the link distance of 25 cm and without a Tx power amplifier, the achieved data
rates of above 70 Gb/s for different metasurfaces were larger than previously presented beamformers,
including phased arrays at 300 GHz band. These results can be used for the coverage extension of the
indoor-to-outdoor transmission at sub-THz frequency bands in future Beyond5G networks.

(a) (b) Simulation (C) 0°  18° 30°38°

Output wave Fabricated device N
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Fig. 1. (a) Schematic of transmission phase gradient in beamforming metasurfaces. (b) Fabricated device and
simulation and experimental results of near-E-field distributions. (c) Far-field measurement data.
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With the advancements in various semiconductor technologies that operate at millimeter-wave bands
(30 ~ 500 GHz), numerous applications in radar, sensing, and imaging were developed. The development
of radars in bands between 24 and 79 GHz was demonstrated in automotive applications [1]. These types of
devices can perform low-resolution mapping and detection in relatively uncluttered scenes but do not allow
for object recognition. Contrarily, the use of higher frequencies, e.g. 300 GHz, can notably improve the
resolution of sensors for short-range applications, allowing also for object recognition [2].

Like in wireless communication, various beamforming techniques were developed in radar and
sensing to allow for the formation of beam radiation patterns, beam scanning, or spectral selectivity, among
which metasurface devices have been intensively studied as an enabling technology for millimeter-wave
radar and sensing. While phase gradient metasurface designs allow to achieve beamforming of the incident
beam, the output power is often lower than the input antenna signal. To increase the output power that is
necessary for radar and sensing applications, the side lobe power need to be guided towards the main lobe
direction. Subsequently, multiple types of lenses and collimators were developed at lower frequencies.

In this work, we have designed and fabricated a set of collimating lenses that can precisely focus the
incident beam into the desired direction at the 300 GHz. Fig.1(a) shows a continuous 2x phase controllable
multilayer metamaterial cell used in this work. The small cell size of 0.25 mm (1/4 @300 GHz) allowed for
a higher transmission efficiency design of a multi-bit metasurface lens, due to a smaller step size (higher
quantization). The change of the phase was achieved by the variation of the radius, r, of the metamaterial
cell in the range of 0.07 mm to 0.12 mm. Cells were organized into a 3-bit (8-phase step) lens pattern that
was designed based on the calculated phase profile of the lens for given focal points f; and f, on both sides
of the lens. In the schematic in Fig. 1(b), cells of different sizes are organized into radial patterns with a
transmission phase step of 4¢ = 45° between each zone. The inset shows an image of a fabricated device.
Fig. 1(c) shows the simulation and experimental results of near-E-field obtained for the collimating lens in
this work, at 300-GHz-band. A highly collimated beam was obtained in both simulation and experiment,
validating the design, and accuracy of fabrication. To the extent of our knowledge, this is the first
experimental work showing collimating lenses at 300-GHz-band for sensing and radar applications.
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Fig. 1. (a) Schematic of multilayer metamaterial cell. (b) Schematic of multibit collimating lens patterns and
fabricated device. (c) Simulation and experimental results of the near-E-field distribution.
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