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Proposal of the ideal strucures of terahertz phase shifter based on liquid
crystals toward practical applications

Inoue, Yo
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In this study, the ﬁossibility of demonstration of terahertz phase shifters
based on liquid crystals is investigated. The terahertz phase shifter is expected to contribute to
phased array antennas at terahertz frequency for the next-generation high speed wireless
communication technology. Terahertz phase shifters using liquid crystal have advantages in the
continuous and large phase shift by electricity, while a significant problem on switching response
times. Here, | propose two methods that use the fast movement of liquid crystal molecules localized
in polymer structures, and that use the fast response components of helical structures of cholestric
liquid crystals. As a results, a short response time on the order of several tens of milliseconds
and a sufficiently large phase shift greater than 30 degrees was demonstrated in both methods, which
can possibly be used in practical applications.



# X C—19, F-19—-1, Z—19, CK—19 (G#)

1. WFFERMEL IO 5

T TV EIEE 6 RO EmEESRERIMCHA S A ERE LTI ST, Y
Be~vA 70l CTCHOONDE IR T7 2o —ART LAEOEIANBEENTWD, 2D L D70
PUZHEW, R E AW T 7~ O FIERIET S A A(BHHE)IE T = — X R7 LA ED3EE]
(I CEBERFIET —~ Lo T D,

BB E O CEME O Z R 5E, BEREONKE & RIREORMSEVENMLE L
2h, TNV OEE A7 a U EOMEREEEAVBHE LR | ek L TR DR
MHEMORFERLL A T I 7 AOFANEE L 725, FFZ, BVED “HFIHFHILTRKRELRDE
KOG RO IR OREIL, Bt E TOEM LOREZFE S0, WENADRND,

2. WtoHB

AWFFERRE Tl R 7275 O @mBn B LI LT, oD FEERE L . WEE - 72,
—o I, R v—ERIBEEZRE2FIH LD TH S, RY ~—WNEICH iR b ikdh
X, EAVETEHRLSHAUAD ONTEROY A XIEKIE LT NEREER~T, 207D, KU~
—Jtk, KOEEE ey 7 Ly b OV A XZHIET 25 2 &3 TE AT, JSERFR O B0 72 8GE H
HiAEND, “oHIE. 2T 4 v 7 EITRANC A AT I T AORRBEa VAT ) v 7K
A RWDFIETHD, 2 VAT U v 7 RGOS HERIC EE R ER LN L2546, BVETIE
7o HERE R y FUITRATE LIZME A R TEEISER D DB D, 2k, MERKRREFE LV &
FTRICBWTCHEEHRBLEFIEPFHTEDL L NI ZETHY ., T T~V REBFEER~
DISFAIZE L TWAEEZBND, LT T, 206 o0& Z b0 FEI2 B3 A P78k 5
WZOWTCHERIZEE T,

3. WHIETGik
ZoOmEILFIEICOWT, LFicEhEnoGikzied,

(1) RV ~—lIEERA R EFIH Uiz @ b Tk

T IV E L CEEN DRI L 'S K E | IRERRIAE N &V D R
HThd, ZNER)~v—EBEGRTEITIHE, RY ~—REILHE < T2 (R IRE R
KT D) ETREBMAEBLESFES N, W ey Ly hOVA XebHLBRENSLT
52 L CINERE OB RiIAD D, HERDBIFET 2R Y ~— B S (PDLC) O H i (%
Tl FHME  ~—(NOA 2V — )RS kah Z ta D 72 1Z S0WFEEELL EDIRE 2 LB L2
BANEL . BB ORMZWMIZTZ ENTERY, T2 T, Hx TiEETE ) ~— LIEHORAR
ONEASHBEEZFIHT 52 & T, 10%LL FOE /) ~—RETHDHITH 5T, PDLC D &
D IAEIE AR D = L N ATREAR H A 2 BRYE LT,

@) LR v 2R AR L m e T

L AT Y v 7RG OWEFENC BE2EBER LM LU, =S08NS RIS, T
ebb, V7V 7Y=Ly N 7R, (i) BEEE, KOi) BIEY v F O EE - g
BEOD=DOTHDH[23]l, 2026, I 7y rEEAZTELELTS ()EOG)ITEFICE
HARICE R Th U | B/VIEIC TR AT CHRNE)E W 0 I Hf] LSRRI 5, (i)
BIL T O E#H A ERE SN TRV T TICEILSMONIZFETH LN, —HFTENCEL T
IFITAFER 2 DR LIe @ISR E Ry CTh D720, T OMWEITFE L < Do TV Rdo o, AIF5E
Tk, BIEEEDOR G DOAN KRR E LTEND L) RR(T T —fma L AT v o
REICRRE R ZHNT 25 2R A L. £ OREEZFEHRICHH -, S5, ToERHHEE2H
W, EBICT I~ LY B E L TEIMES B & & 0/ 2HIE Lz,



4. WFIEARE
iR — oo @IS AL O FIEC BRI D AFZE D Fhas & DL R IZER T,

(1) KU ~—MEERE R ZFH Uz @b Tk
X 11% 911 OHETERAS SRS T / ~—MRERGREEEHSHESE 52 L TEK L
RV~ — %, %Eﬂﬁ%ﬁﬁ&@am%ﬁwfﬁﬁbtﬁﬁfhé S lEE )~
~ﬂmm@ I 8 -4 T FIARER RS TR E 28 59.50C ThH D, X 1(d)% D &, 57°C LLFDIEE
WCBWTIHIEFICHIE 2R ) ~— &SN R SN2, — )7 CHRERBIRELfE T 5 59.0 °C 12
BT ERERZE(ES Ra v 7 Ly RBMRIT 200 A ABRBIE I, BEENSHE
H ST SEHHRE A 12 3.3 um Th o7z, FHEBIREL EOBEAIRE CERINIZRY ~—
RS X EER EOIR 2R L ﬁﬁ‘&u/ﬁfmwﬂ%ﬁom&&%Lﬁ%%éntom%ﬁx
5 70 °C OIREHPFIZIB VT, 59.0 °C IZB W TEA INEZFNIEFICEENTHLZ 1D
nh, 61T, X 1) EAmF%wO% WHEELT, AU v—REZE{LEE- L XD SEM
BaER LTc, WY ~—IRE 7%FE TIXEDORD L 5 2B ENTER S =03, 5%LL T TidZ O
DHEFFCE o T, ZOMDOIRO X 9 725 BfEERIT, BEWKMBE T VI FHETBNTH
BRENVET & INEEEOMWNL A2 B 5 Z EnHIfF S D, £ 2T EBRIZ 700 pm &V 9 RV
paE 2 ERLL . 0.75 mm (JEH % 400 GH2) D EABHT 57 7~V EBKN 35 Z & T, (i
M L E(X 2) & INARB(X 3)Z2W|E Lz, 7,9, 10Wt%D =>DR Y ~—BED S B, 7 wt%hdD
BEEICB O TR BN ENREL, R TI0FIZELE, —FH T, FORI~~—EBEICE
WTHET ) BRBREOINERINE SN, Z OIERRIL, 7RIl T 242 Lo
HAENEBENTND, ZRHOFRERENS, MOBRMEEEZF TR ) ~—REEERIX, 77~
NV OB E L TliE, RERMABEIEEZMER L E WK1 S OB TH - I A
O R % ik U=,

(@

Low-magnification
=59.0 C observation
S

(b)
0 wt%

ﬁalv

=1
’
6pm

X1 AU ~—EDSEM & : (QEAEEEFME. (0 ~—RBEERFLE(ESIRE 59.0 °C)




10, + 10wi% — 10 wit%
* Iwi% —~ . —9wi%
40 I : . H
' - Twt% = eldon_ i g e
d:: 30 E 30 :
-t = r —
@ @ (7 =4ms 7;= 80 ms
o 20; e -6
o} @ 20 7. ms
..g ﬁ [(— 7,=63 ms
A 10 - 10l [7.=7ms
7,=23 ms
0 : : ‘ 0 : -
0.0 04 0.8 12 0.0 0.5 1.0 1.5
Electric field (V/um) Time (s)
B 2 rFRZEb B o S YA X 3 BB

BEH55 SC Yo Inoue et al., Macromol. Mater. Eng., 304 (2019) 1800766.

@ =L AT U v 2 AR L s Tk

X 4 [FIRFEZSTE DOISE T DI TE DHERZ VT, BEEEICET DI E R EE 5
R ERERTH D, HEISLH EN VIR TRLTWAEN, ZOERS TIEsLH ER
DESEHLTVERIZIFEI L TH A7, EBHLTTuy FLTHLZ 7 7IZERIT RV, K 4@)% R
DLl MBEY  FOMEINIES TS ER Y FFRINEM L T D 2 ERgnD, — T, X 4(b)
NoIE, BEAVENRZEL THNEREIZIE L LN XD, 2O L9, aL AT
v VR DWRIEI LD X A F I 7 ANIMB 2R R T2 LT 57 7~V R BRI
LTWBEBZ LI, @mEBHGBOEBINIfFSND, £ T, M5 ITRT L5 2HERICEW
T, BEIZT T~V EBE L, 2 OMMEEILEZR T, 2O, 77~V IEFE T O/
FTFEMNHAF L, T35 A& 5mm O aE Z Gl S8 7=, 7. #GRICERZEINT 5729
WM Z LR ICEE L, AT T~V ORI & MREih S EE & 70 b L oI Lz, BIE
ERONENEZK 6 1277, KFO EcIIBEHKRERZRT, IGEFRRIZENRE E = 0.86
Ec ITIZBWT, #120ms DEWIGERMZ/ R LT, £z, 20L&, (AHAE(LE 80 FELU LA
B L, KRE RN LR & SIS M2 s L7,

100 10
Ty A p=10.0 um AL A, A a . = d=17 um
c = 5=3.1pum [ e J=30pum
lal ol v pz:ll.g pm A . [ ] |§| 4+ =49 um

[ ] =1. m
2 p=10p T ° .
. — v 1k A 4 an
-'q_; vyyvYrvyv V g .::_h:'- - -3':- P
D 1 .o © .
4 soeee Ce k%) ..
° o
(a) (b)
0‘1 1 1 1 L 1 01 1 1 i 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
EIE, EIE,

4 ISERER] ¢ (a) SEAESEHUEKAAE, KO b) B VIEK A



Device Length
L=5mm

Glass substrate

o ———

Liquid -7 A k
crystals [ - o I
Bulk { T 3 : miﬂ
electrode I E—
(Copper) l\ = E ’ ]
N——— S
+—

e T e =

\Terahertz wave
(400 GHz)

K5 75~V HIER

180

‘0160 |

o

1401 E=093E,

T 120

E 100} E = 0.86E,

« 8o E = 080F

B 60F e

© - E =0.70E

£ 401 E = 0.60E,
201 E = 038E,

0 L

00 02 04 06 08
Time (s)

6 IE B

ROEZE g3« JEERE (FBAFEEE 2106, 2020 4F 10 H 30 H)
RS 72 W pa 32 D s BAIZ BT 5 > DO¥RES © 7 T~ /L ik BB FE 2R OIS I AT T
2020 “F H R a4 v 74 Ve Ees 42 74 BifE 2020 4 10 A 29~30 H

IR EOE L D

JEE S E TSR TR 5 — o0 @I B b O FEEZRE L, MAZ LR & &iEME 2 Wi
THZ LTI LT,

RN ~—IREERAERZFAT 2 HETIE, 10WM%A FEWIHIERBERY ~—FETFTTH DI
HLi 59, PDLC O KL 9 720 B E 2T 5 Z SISk L, RFTHIICE TiA® -k
L. EWEFRETICBWThEEEEZ R LT, — T i Fay 7Ly oW A X383
smr b RELS ] RARICET DIEAEHREE D 00Wt%Ll ETHDH = &b, 30 EDOKE 70T
AL EEFEBRTHENTET,

VAT Y v 7SR OREEDES A R L2 FIEICB O T, BVIEICEK T 7wl 7 Eh
By BRPNCHET5 2 & T BmlSEEFER L, S50, MMBTFOBGRNLT T~ L
VK ERET S LT BIREEEAZ R &0, B E LT RE A b E A MR LT E0E
SEEAFIZ HE T 2~3 MRV G RRE] & 2 RR LT,



4 4 0 1

Inoue Yo Sasaki Shunta Moritake Hiroshi

127

High-quality tuning of cholesteric liquid crystal lasers based on polymer composite system

2020

Journal of Applied Physics

083104 083104

DOl
10.1063/1.5136048

Lang Trong Nghia Bui Van Bao Inoue Yo Moritake Hiroshi 10

Response Improvement of Liquid Crystal-Loaded NRD Waveguide Type Terahertz Variable Phase 2020

Shifter

Crystals 307 307
DOl

10.3390/cryst10040307

Inoue Yo Moritake Hiroshi 59

Lasing stability of quasi-CW driven cholesteric liquid crystal lasers 2020

Japanese Journal of Applied Physics

052006 052006

DOl
10.35848/1347-4065/ab864F

Nghia Lang Trong Inoue Yo Moritake Hiroshi 141
Electric Field Distribution Analysis and Response Improvement of Liquid Crystal-loaded NRD 2021
Waveguide Type Terahertz Phase Shifter

IEEJ Transactions on Fundamentals and Materials 220 225

DOl
10.1541/ieejfms.141.220




2019

Lang Trong Nghia

NRD
2019
/
67
2020
Lang Trong Nghia
NRD

67

2020




2020

2020

cw

68

2020




