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5D2V o ~ -0.4 dB/m

v' A/D Conversion Technique
Sampling frequency
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v 5G
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Loss in coax cable @ 30 GHz
CM06 o ~ -2.5dB/m

v New EO sensor/wireléss receiver

Antenna-coupled resonant electrode
EO modulator
f,~30 GHz = field enhance ~8000
f, ~80 GHz, 90 GHz
Optical phase modulator (no-opt bias)
Optical IF conversion technique
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natllr e International weekly journal of science

Journal home = Archive = Letters to Editor > Abstract

Journal content Letterstokditor
+ Journal home Nature 43, 437-439 (12 March 1891) | doi:10.1038/043437¢0
+ Advance online Surface Tension
publication
+ Current issue RAYLEIGH Full text
+ Nature News I SHALL be obliged if you can find space for the . Top + Previous
accompanying translation of an interesting letter which I have + Table of c
+ Archive . . .
received from a German lady, who with very homely appliances 2
+ Supplements has arrived at valuable results respecting the behaviour of Downl
+ Web focuses contaminated water surfaces. The earlier part of Miss Pockels =] send t
letter covers nearly the same ground as some of my own recent
+ Podcasts work, and in the main harmonizes with it. The later sections seem Rights
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+ Videos ) \ . . E‘
important questions. I hope soon to find opportunity for repeating Order «

-

News Specials some of Miss Pockels' experiments.



R NABE

RYTILARICEYBFTEBAENEILT S

B,x* + B,y> + B,z*+ 2B,yz + 2B.zx + 2B xy =1

( £
- = \
1x Gt iy (rl)  IRBIINFTUVIL
B2 i by o J (BT IN)
n - CE
= r v v X
T e | oeen
B3__2 SEEE b o y ;- HiIE
n. Ny E
B, e L s = <3ETFIVIL>
B e Lo Lo famd A F
- BROAM

= SEBROAM



@@@

@ SHRKERE - -z
12778 (cubic) (FAMLERE S =N, =11

1E H & LtEtI‘ELQOﬂal )
=l

*h & (hexagonal) 7 &5 (trigonal)

EE’ Fhah

X 2.21

\

I_jfaﬁ

& Fda lorthorhombic) > :E&'HE

F— ﬁ

(monoclinic) -8 (triclinic)

BT AT LEET B EO2NES
=EEAER I EFHEmR ] BEEE

—EATE

i 5x=gy;éez
7'5% |:|EIEI

Ny =Ny F Ny,

E.FE £ &
ﬁ'ﬁ%"f‘nﬁa - ¢ -

Ny Ny # N,



N ENEN, . SRS

ne=N,#N, ;. —HPERFES



B REMKEIL?

ZRICEZONDBEMIRILF—

|
W= D N
2 4 & (cubic)
|
= - -7
“H & (tetragonal)
_l( E2+ E2—|— E2 ik tetrag
_2 gxx & gyy y gzz z)
D2 D2 D2 ) Dz P
i y+ Z:2We Dx_|_ y+DZ:

2 2 2 80 We
gxx & yy & 7z n I/ly n



Tﬁ&%%ﬁm$®%ﬁmw

EifEEAK |

nENEN, . HEEEES

=T, EN, B




= —
GBERITEE

\\

ERAEaao
= AREXIITUOVILENBITERBAERDAIILLIMIZEE

AL DA ?

KFEmTEREEFE (EREEELY)

=

EOMEIZ &Y BT =N

ERLOEEERAGHL

BHTERILS: An<107

Ani = —n3 e
2

1

|



1 LiNbO, D B £

R

=R

o=

1=




ST =

[ ~=

LiNbO, (congruent#fl FX)
J=§ 3 3m
n, = 2.2868 (633nm)
BT n. = 2.2028 (633nm)
= 8.6pm/V
= = 30 pm/V
BRALERE = 3.4pm/V
= 28 pm/V
i 11ST =4t
ttﬁ%$ 833ST - 28
FEEEL tand = 1.3%x 1073
Fal)—RE ~1480 °C
A RERER ~21kV/mm
B #5548 75uC/cm?

-

/

BT L) DI

0 Ll
0 Ty N3
( ) 0 0 rs
s 5 0
51
s 0 0
st 0
[$F&]
ARELEBERNLFEEH
— r= 30pm/V
o SRILE
>100GHz

o|Ki8 R B R IR(TIPLER)
IEiEi8 4 <0.1dB/cm



B LiNoO, D5 & (BRI
===

ﬁ» /z-cut LiNbO, EZ

‘ —

e 1
nlx ( O 7"22 713\ all B ?—l_ 1/13EZ

o= b = 4 0 ) i“
ly . 0 0 r 0 oo = ?4_ ik,

e 0 51 0 :

nZ O O \EZ) 1
2% & = F_I_ £

a31 K 1’22 0 0 ) :
=0y =0, =0




Bl:LiNbO,DIHE (AT ERENM)—

| 1 )
(n2 £l e el )y +(n2 +1,E,)z" =1
x2 yz 22



Bi:LiNbO, D15 & (HEEREM)—

1 _1/2 1 =
no':(_2+fi3EZ) ne':(—2—|—r33EZ)
I/ZO ne
2 = D =
=n, (1+n,1n,E.) =n, (1+n,r,E,)
= EHOFBEZ - Ene’”%EZ
A - I . 1 -
no__Enorl?’ - ne__aner&% z

JEITRERAK: RE- EMAMBUEAT S




ZnTe D¥F14E

TEYI=R & A3m ) (SRR
R n=2.984 () =633nm)

BERNFRE 7y =43pm/V

LEEEE AR £ =10.1

a3 an i av i3] o)
S O O O O




f‘l/ZnIed)i%’% T— —
/ Z (001) =
I A_I__ i*-j

[ 1)
a vy
— e
1
dy, _? 00 0 =
1)’ = O O O O all = a22 = a33 o a23:a31 — O
a e
33 nzz B0 0 = .
s 0 rn, O
ds v v




PP e

Zr2
> =1

1 , 1 ’
(?"‘rmEz)x 2 "‘(?_FMEZ)J/ e -



Bl :ZnTeDZmE —

¥

1 =
nxr :(n_2 + 7'41EZ)

=n (1+n’r, E )"

1
= — 9
2 412
An ——ln3r E
x' 2 Al
B A

1

I :(nz

_1/2
-1, E.)

=n (1-n'r,E)"*

Any,: +

{3k =

]
=n+ §n3r41EZ

el

A

3
rak,

SRAE

IR



e

4. taﬁt/ﬂlﬁﬁéﬁ@%
<" AL EERL-ES AL [E] FY




TN P

Y / Eour =Eo XP(J 271V +AP)

FEAMAEIEE

Z Agp= J‘Ankdyzgng’rlejLF

light

z-cut LiNbO,
. R EL A
Astst i
E, B T L E,

E =E,exp(j2nvt)



IV (RE — L) BIE B R

NIVOBRBR Y BREAEBR Y
('ﬁ*nild:zlz\éﬁ'ﬂitb\)/f (i#ﬁ(:&é%l@fs‘ﬂt)/i
= /
L
e
d I 4 v
z-cut LINDO, |‘{|“
%%ﬁ'{: P me |4
R N
BI#TI12&% L/d DFIR EIHFHEIREL  , ;s siE s
d ~ 2mm d ~ 20um (SEEETAEROELYES)
L~2cm L ~2cm
Ad
= z ~470V = ~5V

T 3 T 3
n, r33L n, I’33LF



CRyn-yz %
(Mach-Zehnder)

<INy T A —F

FEE R B

47 o [X I !é» . INYI7E

Tya-TIIBEREE



[ " 5
screan

/

test
cell e

SOUrce

7

/

sCcreen

compensating
cell

18914 Ludwig Zehnder, 18924 Ludwig Mach



= TN A —RIERBROH
ANKER : : HAKES
E, =E,exp(j2nvt) A91 gout

A6,

1
sou,{l lj(exp(jwl) . jﬁ £, exp(j 27v1)

V2 V2 0 exp(jAG,))| 1
& J Sl L \/5 )
H 1B Y 43Ik EEERE  ANEYSHE  ADR

1
gout ZE{GXP(JAgl) = exp(_jA62)}gO GXp(]27Z'Vf)



e

Toa-FTILEHEDIHZE

4 1
A91=—A92=A9 e . 0.8;
. - 2 06,
.= XDUAO +exp(—jAD)} & o4
X ) A 0.2/
E,exp(j2rvt) | S | ‘ ‘
= k 05 0 05 1 15
=&, COS(EV) Normalized voltage V/Vr

T



s

5. EEL&E%.:‘I',E'H BlTHRAF
o Bo]EeE ) Dl N
xE 1T Rl 3h




CERELEREME 0 . -zeiomess
HREBICLIEE m @\ /

’/b;/

A5 HBRRBER R (L)

A — F
‘=

-~

z-cut LINbO3

BERES V= Visin27 /1)

© Ag= %n; , %LF sin(27 £.t)
T V. V.
=A@, sin(2rx f, 1) (Ag, = Z”l: 33 FOLFZEVO)

T



THARRRIML

A3 Ein =& exp(j 2mvt)

HAKXER En=E,explj{2nvi+Ag,sin(27x f,t)}]

A¢_ﬁ$ RIFRZE S

T

#FNK exp(/Ag sing)

- J, (Ag,) 1 n ROtV
= ZJn(A%)GXP(jncﬁ)

- Lo Jo
) <>
L &, =8& Y. J, (A explj2n(v+n f,)t}

| 4

FERARINMVESR + —[AQ]R ~ +HAGIR ([x]:HTVAREEE)




g

SR EITHRE ;¢

T [

z-cut LiNbO,

L=15mm
7~100ps



) J /— S pdes—"TT
- IE1TS

FRIEEEIRR (X, 0 2)

FERERITEDEEZER (v, v, 2)
Y =y -vt
= e
= =
Vg y 4fm
Agy=Zn’r, Ic/; . ) =
X

s ey )

e

I'dy

S
i
@

sim(2z f t—y/v, )dy

b~ | =

sin(27 f, 2>

Ve

—y/v,)dy

COS(27 £, (——=—))dy

=Ag, sinc{27rfm(vi—i)[,}

I
>
=
Nf— =
Sl N O N O

1
>
>

v,=v, : BEES=>EREL



/7{%%4: L7

LiNbO; substrate Sensor
Optical ff"”'f elements| Optical
fiber fiber
= =
I -
G ik
Optical L
waveguide

ZI Wireless signal (f,,= 10~80 GHz)
Y
Resonant electrode

X . . \ Optical waveguide

Micro-strip
patch antenna LiNbO, (¢~ 50um)

Light input v

Light output

./;”
== : ke
£ Ground electrode ) f

SiO, (¢~ 250um)




Electro-Optic Modulator Using an
Antenna-Coupled-Electrode Array and a
Polarization-Reversed Structure for
a Radar Tracking System

~ 20 mm

Naohiro Kohmu, Hiroshi Murata, and Yasuyuki Okamura -
Graduate School of Epgine;ering Science -:m L 57.3GHz
E-mail: naohiro . kohmu@gmail.com: murataiZee.es.osaka-u.ac.jp > -60
This is one of the invited Finalist papers from the AP-RASC 2013 Student Paper Competition. é _:: I
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Figure 10. The measured and calculated directivi-
ties in the four-channel optical waveguide.

e Radio Science Bulletin No 349 (June 2014)
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(a) Fig. 7. A photograph of the fabricated MMW-LW signal converter with an
array of gap-embedded patch antennas (N = 9 elements).

=50t L]
~ O
o0
2 ¥ S
patch § 551 s
ground 2 .e
metal 5
" ; -60
optical waveguide ; L ! 1
{b} 54 56 58
Frequency(GHz)
Fig. 1. Structure of the MMW-LW signal converter using an EO crystal sus- Fig. 10.  Measured conversion efficiency as a function of the operational fre-
pended to an array of gap-embedded patch antennas on a low-k dielectric quency fm of the MMW signals.

material substrate. (a) Whole view and (b) cross-sectional view.



MWP2

=

020, P6, Matsue, Japan, Nov. 2020 | e

High-Speed Data Transmission Usng 28-GHz
Antenna-Coupled Electrode Electro-Optic

Modulators for 5G Mobile Systems

Hiroto Yokohashi
Guraduate School of Engineering,
Mie University
1577 Kurima-Machiya-Cho, Tsu-City,
Mie, 514-8507 Japan
email : 419m240@m mie-u.acjp

Masatoshi Omzawa
SEIKO GIKEN Co. Ltd.

296-1 Matsuhidai, Matsudo, Chiba,
270-2214 Japan

Millimeter-wave wireless signal

Resonant electrode ‘
fm LiNbO, (t,,=50 pm)

Micro-strip patch antenna
)
I Ay & o &

fm
K/I—\  Ground electrode Si0, substrate(t=250 pm) j—Lf

Fig. 1. Basic structure of the proposed antenna-coupled electrode electro-
optic modulator (4-Elements).

Optical waveguide

Light input

Light cutput

Sayaka Matsukawa
AIST
1-1-1 Umezono, Tsukuba, Ibaraki,
305-8563 Japan

Satoru Kurokawa
AIST
1-1-1 Umezono, Tsukuba, Ibaraki,
305-8563 Japan

Masahiro Sato
SEIKQ GIKEN Co. Ltd.
296-1 Matsuhudai, Matsudo, Chiba,
270-2214 Japan

Hiroshi Murata
Guraduate School of Engineering,
Mie University
1577 Kurima-machiya-Cho, Tsu-City,
Mie, 514-8507 Japan

29.3GHz,_, 29.3 GHz

-10

==}
-2 3
£ o
330 &
= o
3 -40
2-50
g
(s}
-60
70

Wavelength (nm)

o o5 Lo

Distance (mm]

1533.876  1534.126 1534.376 1534.626 1534.876

25 Fig. 5. Measured optical spectrum.

-30

-35 >

40 ¢ ' %
-45 & :
-50 & ’ -

-55 o o

1-Element

2-Elements.

A-Elements

Carrier-sideband ratio (dB)

260 27 28 29 30 31
Frequency (GHz)

Fig. 6. Measured frequency dependence.



=

FER Y
o R
o [LEiE. KIBEL
o ITF7ANZLBDIEE-NE
« BEXUHF (E0) IR
- BHAFERCLEER) KN EBERICKYEMNEEL
F?ﬁ&* Fqﬁ-q J:énEL
° 'l:'/"ﬂ'O)*ﬁhjZ
o JE[EBR - S| IR R
. I_JH/&EJ.M,E
o PTG -ERFEIE(FLA1E)
c SHENDEE
° |_.|J—.IIJ§1t(\UI& THZ/&')=>JIE%$Z*-I-
AL - S fEEeiE (7T HIRSR. LEME., ---)







PEMBIEEFa1—kUT7ILT—HavT
20216 A10H

TINIVIFICE T M B EHE B T D
EELEBSG/6GIZM IF1=ItFAH

S

E L REFEEANGHRBEREE
BHRMRA BEHRRERE 2 —
BHIREMRE KEFIR 1




TINIVYHRIZE THM RO LR

EEERERBEICEITT
TINIVY KD FI RZERET

FSAILVEIE IR A ED B RESREIS

BB (ER, LX)
EEMH (B, B)
R (RS, BR)




ABDODAE

14:35~16:05
DT NIV FEAMF M T D FE
QAFSRALI=TIANIVYEREE S I (THz-TDS) BIED /7N

@ THz-TDSD i A4




@

TINILY AR ST 1 0D Z A




TINILY

19504 i BREXDEDERICENTHERAENILFESD
1950~1960F K  =HRIEFIIND

1970FKaEMD  YITIUEHEEINSD

1990FREMS TINILYEFEENS




TINIVYEREFDRFE

1990F K t8
REIGALI=TINIVYRESZORENERIE

Bias voltage
Antenna
THz-wave | Metal electrode
Ef //a A/\/‘ I \ I GaAs
|
Laser Spot

IEHRTY A HRARET TS




TINIVYRE - RHBORE

- ?‘?&%5& . 7|—:|:|)(_/)-(
BAR—I, Reo S Rz FAEET TS
- 3F$7§ﬁ3§'ﬁ$n§l% . %'ﬁﬁ'ﬁ—""?%ﬁﬁ%

B R4S BDAST, LINDO AR E

SR —JV RS




SIHEDIRE

7= TERELE RN 5 S (FT-FIR)
RAER, LERT iz

SRERAIETINIVYNRZAWN =25
R Fem, BERT TRIE

- TINIVYEFREIfEE 2 (THZ-TDS)
NRABETTF, REETUTF IRIE+{I 8

pew T A

sample



IR IS EDOH)

T

THz-TDS (FE@EE

JO—TJHMNAFTEINE-BEDOTHZIEES R H

FEETHZED "
fEYURLUEIREILEIC t, 3

B t
4,

EEREZEREL, FRIKEZES ?




THz-TDS (FE@EE

| Femtosecand laser

Time delay \ M

—— Probe light

Parabolic mirror

IIIII

%
il
S
i
s
of
o

EFLREOEBIZEY N AkES

<()\W'A¢

_ (f()-1) do
t(w)=t, t,e °©

VS SV

10



THz- TDS:E%G)E?R

| -Control software
A

Laser power supply Vacuum
Vacuum < indicator
pump 3 TDS power supply

BS
[ £ laser 780nm, 70fs, SoMHz | 74 \
fs laser + time delay
Time delay Stage
controller
]
A—ly
Mirror Probe light
/ Pump light Probe light
& ,
Parabolic EmitterCD
mirror Switch
9 Detector
P BS
0
U

\_INPE lens

/ ‘ oA H
¥ THz
|':| Pump 1
Focus I light Parallel Sample

BREARERE (- FAEFER) RERIR-AA—JLF5HE U




ETRI7 293

FARDER

Vi

=EimE
Transmission

Bl: AT RE, ERETIRIREFDaLH

=5 E
Reflection

Bl: REMIATRE, EEGTRFAZEFOHM

e GE
ATR: Attenuated Total Reflection

Bl: D HETIERBENBE,
BUR AT (= A= LB
12



X ac)

D DER

Ot

1.E+01

1.E-01

1.E-03

Intensity [a.u.]

1.E-05

1.E-07

—=—System A - System B

P e -4 -System C -+ System D
et ™ % System E ——System F

e -

o N
k &
[ ! o
L Pae e
] ' u"lq * reond ~“:"'

\e : 4 | Il "1 {; . S -

L 1.\..1. A r." r;li' i |l. f ',l "‘ Tﬂ%* | i't . ﬁﬁi‘l
I 1 1 I” II:“.I\. .“l 'E'i“i "‘I 5 1 l | I’ I ﬂ ! THZ-TDS
0 2 4 6 8

Frequency [THZ]

A HEET7OTFHEAR—ILE)

B Jt=¥#E& (DAST)

C RIGEBT7UTFHFAR—ILE) RIARIIFLUR,. &
D RIGETZUTFTFHFAR—ILE) RITAR)IFLURE., F1T
E MMEET7UTFHHFAR—ILE)

F HMEET7UTFTERIFAE)

13



TINIVY R0 G A5
w2 vy z

ERRSD S

s
DE Bw

O

e

@

MIEEJ Trans. FM, 132, p.864 (2012)

®QIEEE Trans. Terahertz Sci. Technol. 2, p.242 (2012)
®Appl. Phys. Let. 90, 041102 (2007)

@Appl. Phys. A, 100, p.591 (2010)

©@J. Pharm. Innov. 7, p. 87 (2012)

(QIEEJ Trans. EIS, 124, p. 1672 (2004)

@Optics and Photonics News, 15, p.34 (2004)

®Appl. Phys. A, 111, p.83 (2013)

(®Electrical Engineering in Japan, 183, No. 4, p.1 (2013)




TINIVIEDREZF D45

JEIR R
PCA HIBFRILF(F—

1970 1990 t

= /8L, &k

15



NETDTINIVYSEIZET HEY A D H
)

G—Q’{—ZGD*ﬁ% AT LE DB
MEDIEBARINILDORIEG ZILL T, ELRIBT=601Z

NICT

@ L
[AISTJ [RIKEN] i =3 13dB
;—:—Anm?MF

TR au] }

Y s i ** http://thzdb.org R -

THzE 5 FEEER 7IVr—3> DigE
ADNOMNBDEALNITEI=HIZ ESFESHRTHIC
fyTa—t 3

2
= | ‘!
—¥ | B
= |58 2 5 i R R AR
by ‘ H: H - -
BREMLRHTE TS THERNAE S J

eAt
[-%]

FANYERBEE

/ mm
/

An;&ﬁiiﬁmi&j REEAE |hSTRNE
s Rl R2

TR H11002, H10003

e

1—H—DEHD FINLYDRTSHTFARE ARV 16
SEBEMEFERITERATLDRRE




| A5 TO LB R

" HERNERLG-STHAIEEET—HTS?
EDEILGHABEATETHEEN—BLLGLLLS?
-EN—BLGERIX?

E PR ER
- National Measurement Institutes (3)

— EREER NPL, UK (Organizer)
NIST, USA

I NICT \ NICT, Japan
\‘ - System manufacturers
| AIST J | RIKEN | USA (1), Germany (3)

-Users (1158, 9HVE)

11844 R5

AIE - T ObIILEER
SMBEDOMAET 5EBETHz-TDSEBEXRAVTT—2WE Y




ENLEEERFT,

L= T LDB

TDS Generation Oetection Cptical Purging
system device device system
A PCA (dipole) | PCA (dipale) Focusing Dry air
B DAST PCA (dipole) Focusing Oy air
o PCA (dipole) FCA (dipole) Focusing Wacuum
D PCA (dipole) | PCA (dipale) Farallel -
E PCA (dipole) FCA (dipole) Focusing -
F FCA (bowtie) | PCA (dipale) Focusing Oy air
RHE A
"RIEETUTF (FAR—ILE)
847 t <>t

sample

A

Maya Mizuno, et. al., “Classification of Terahertz Spectrometer for Transmittance Measurements 18

of Refractive Materials,” IEICE Electronics Express, vol. 13, No. 18, 20160532 (2016).




TINILVIHFD G

-
b EEBZRE THz-TDS

VNAZE =515 _
49 KE TR

> PPE based resin, TLC593

= = ¢ s, = S pa > 55 T . - T
BRENABEEBOETAZMNEFE ATl
45 | ]
» I HHEHGHH A A
— S }é 35 Relative permittivity 1
g 3
2 25
} i T,
£ ; é 15
§om S 1
o 05 Dielectric loss g
002 0 !’{HHﬁﬁﬂﬁiiiiniuuunnu xxxxxxxxx -@uu"";;%
” o el " O e M 050 230 240 20 260 270 280 200 300 310 32 330
Frequency [GHz]

Toshihide Tosaka, et. al., “Development of Complex Relative Permittivity Measurement System Based on
Free-Space in 220-330-GHz Range,” IEEE Transactions on Terahertz Science and Technology, 5, 102 (2015).

19
2RO MZERT S ETLFEGERIE A AT EE




LS REDH  (K)

80
o _H.l

70t WP e . WP: Waveguide penetration with VMNA
= ' FS and mmw-F3S: Free-space with VNA
‘_r.‘: 6‘:] WP H
> 50
=
£ 40
=
@ ]
o 30 alc ulation (Debye)
2 | |
% THz-TDS g’
C 10

01 10 1 00 1 GDD 1 GDDD

Frequency [GHz]

Kaori Fukunaga, et. al., “Dielectric measurement of liquids in terahertz frequency band”

Proceedings of IEEE International Conference on Liquid Dielectrics (2014)

20



@

JeZz o AL T=-FFEImEE 7256 (TDS) Al E
Vi VAN,




THz-TDS#%

JLNFRITE/ 07\

HoT)L1 TaILLK

S22 Rk

ST IL3 EULVRIK

TINVYEIRB LY —D=ODT 77T 4 XAAF
https://www.nict.go.jp/out-promotion/data-provided/thz_practice_guide.html

22



ZiEETHZz-TDS

BS,
Femtosecond laser

Time delay \ Miror

R AIE
RIZET7TT (FAR—ILE)

— Probe light

Parabolic mirror

tVS tsv
d
ETIL AT -h[ }»—JV-—»
y UU Pumplight/
e EMIttET: sample

23




HoFIL1 J4ILLR

my

§>h it

S FIqAIVLIGE

7

l:Fl_h
BEaRE

2~3.5

24



BET—26 (£RIE/PET)

80 .
—REA
70 —&EB
§l 60 H b —REC
) *ED
g 50 .............................................................................................. —%EE
g 40 S . S S S—
E 30 B
n
C
o 20
=
10
0

0 05 1 15 2 25 3 35 4
Frequency [THz]

RLGHEETT —2ZIRBRLTEL, FLLERMELA LT L

Maya Mizuno, et. al., "Classification of Terahertz Spectrometer for Transmittance
Measurements of Refractive Materials," IEICE Electronics Express, vol. 13, No. 18,
20160532, pp. 1—12 (2016).

25



g —

AER (F5)

100 : =- ; 100

60 Lo Il‘

20 |-

[=)]
o
!

20 koo ......... .

-—50um s s (L
100pm —175pm

i _25pm —50um N 20 e

100um —175um

Absorption coefficient [cm™1]

Absorption coefficient [cm]

-60 -60
0 1 2 3 4 0 1 2 3 4

Frequency [THz] Frequency [THz]

TisdHY TSR

4’ Q——»' “‘V‘ ' T ETIVKERBOESA—FHET

sample  BFREIRE TIXHIETAEELLY FHERLENTELGZEEH S

(REER)<—) 26




g —

AER (R7AMH)

e 4%—»

100

80 Hooo

60 Foin

Transmittance [%]

20 L. —0deg —90deg

Frequency [THz]

EHMEGL

(B&ERUT—, 25 ym)

Transmittance [%]

100

80

60

40

20

—0deg —90deg

1

2 3
Frequency [THz]

EhEHY

(PEEK, 0.5 mm)

27



TAIVLRKRY T IWERBEZDRA

BHNLGERARIMLRESNF-EE(X...
LK ODDEATHEZITL., EBMNELLINERET S
-J)Ib 7 ETFSDBREZHAD

BRENRENGNEER...

AR EARZEEET D
BANEHERT D

28



B2 HBERR

=
i

15: Azurite (2CuCO4(OH),, EESRSE) RL-vk
)7L A= HDPEXRLwk
BEL (BEH)- - Azurite/PE=0.02
FIE--- <20 um
ANE--+ 15 kN, 10 min

HZERYIFLY (HDPE) KT
LR YMRIZAEE LR

29






BER (FHEL)

100
90
80
g 70 |
iy i <20um
% 60 ——32-20um
| —53-3Z2pm
>0 — /5-53um
30 | | | |
0.5 1 1.5 2 2.5 3
BER#E [THz]
Scattering intensity plate
D<KA

~ U

= 2 4

ael
powder BELDEE




BER (RLyMER)

200 200
3 ' 3
c 120 H c 120
= p=
o 80r £ 80
[ [
< <
(o 40 + 0° ——— 90° (o 40 | 0% i 9Q°
~———-180° —270° i ~-180° ——270°
O N | N 1 N 1 0 . 1 . 1 N 1
0 1 2 3 0 1 2 3
Frequency [THZ] Frequency [THZ]
0 Reference
Co— . —
R i
O’E Sample

OFFFHMMNRLENMIE

FTRFRTHR, AERRISAMBROZEEZZTPT L 32




SIZ'_Ed)E?Eé&l/“JF

) RUIFLL(100%) KLk

S WEH
S Jm

B A m

ARE HAME

Max=1.123 [mm] Min=0.984 [mm] Max=1.043 [mm] Min=1.013 [mm]
Difference=0.139 [mm] Difference=0.03 [mm]

33




I~l
N
I

AET—20 (FTEODELEHINLYR)

a b
100 100
< 80 | ﬂm%@@ﬂmn I — 80
§ 60 e Y 60
] N -
=40 =
5 qzl_:ﬁ“'_l_l Mﬂm \-""M;H[ g’ * \:/—QEIH_'
© 20 - o T-'I:i"E \ Wﬁm E >0 — 1T HIE
- —EHAE Slm] F A
0 | | 0 | |
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
Frequency [THz] Frequency [THz]
N #+15umDFATETIE, FITLEAKLRO
\_ BBE(L(FIE—
8=0°, 90°, 180°, 270° T:AIE F EATIRER Zref. ELT=LE.

E—oM70—KI235 (BRELTED) CEnHh D 34




BIET—206 (FEBAFEIARIEIL)

|
o
o

[oe]
o

.
o

Transmittance [%]
3

(]
o

AAISEOEZBRDFE

o

0 05 1 15 2 25 3 35 4
Frequency [THz]

HEL OO FTEISEETHILT
BRPEEEFALTERAZEO T4 E0N5

35



AET—56 (RIRE—IRBKRE)

A B C D E
System name

resolution Absorption peak frequency [THz]
System [THz] Mean value [THz] 1o [THz]
1 Z 3 4 5
A 00075 22350 22350 22425 22500 22575 22440 0.0088
B 00075 22350 22350 22350 22350 22425 22365 00034
o 0.0061 22323 22323 22323 22384 22323 22335 0.oo27
D 0.0061 22323 22323 22323 22323 22323 22323 0.0000
E 00244 22461 22461 22461 22461 22461 22461 0.0000
A-E mean 22380
_ SEDEETHEL-EBED THIE
~N
I
. 2.265
3
bt ® a-sample
Q 2255
o A e-sample
et
T 225 | o o
[4+] N N
g A A BB ECTY
. ) Average -~
2.235 dx /= >
S S hDEETHEONDEELEELD
g S EbH
g 2.225 i’ﬂ_ A :B é
0
0
<




MERRYTINERMBEZDRAF

FACHMBELDICRRILHREDEE. .
"MRDY A X
<20 ym

ALRLYMERELTOSDILERENEAENEELR. .
NUYhDFETEZEMESE
EFREMER

(RLybZEERSE T, ERERIE)

37



Ho7I)IL3 ELVRE

fil: SR
EHE--- >10kQ-cm
EfrE--- n~34
&K A% - -Floating Zone

BHEEE-EHX, HEAOESH

i,j &Iﬁi‘znn
IRIBICKOYEEHDE LMD

YA

38



BIET—445 (0.5 mmESYaY)

100

Frequency [THz]

= ERBITIRIET — 2 EVLDELCHAREMEN H S

-=-System A
| ~e-System B %
-+-System C E
| -+-SystemD §
System E .5
| ——System F 3
E
2]
&
= 02 L —=—System A — -System B
' - System C - +-System D
System E ——System F
3 . = 0 | | L | |
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.3 3
Frequency [THZz]

39



AET—HH )3y, BEAEKFE)

SR e S

—3.07mm
—2.06mm 5 5 :
0.58mm

0 %ﬁéﬂ%w@%ﬁ#\w i

0 0.5 1 15 2 2.5

————

Absorption coefficient [cm™]
Absorption coefficient [cm™]

0 0.5 1 1.5 2 2.5 3
Frequency [THz] Frequency [THz]

ERNEFRTEH. DIV OMBERETELS
BlRBAFENRASNDT—ADH S

40




Absorption coefficient [cm]

g —

o

1
N

AER (FEHE)

25 THz

= E% e T
11 u \
= ; \
= ! \
= !
—_—
° b ’ /

0 1 2 3

THz

Samble

FREQUENCY (GHz)
3,C:00 G‘CIJOO 9.?00 12,000 15,000 18,000
I I

>

- =]

5 - -

rd

x - . 14 W

W SILICON o =)
Z 3.4240- 1000Q-cm T EE
Y 3 =10 §&:’
= 3.4160 8 a
[ Za
3} - 682
% 3 4080} &

xs3, 80& 1 %

w O

C " 129

3,4000 : 2

0 00 200 300 400 500 600 700

WAVENUMBER (cm-1)

Mohamed Nurul Afsar, and Hua Chi,
International Journal of Infrared and Millimeter Waves,
Vol. 15, pp. 1181-1188 (1994).

Antenna

BEHRENES BLEAMZRLESITIENDE 41



Al EE#\E&%& "

2EEH P = AW = —

Mw?
ATFoTTrEITERECE). W-BHEE. |: TIANILYEE(—TF)

®, ~ 2aAbl/ 7D

0?(2) = 02 [L+ (A2l (7} )]

BHFENSBEVEMEZRELEEDER/MENTNIZKY, RETUTTICRHENS
TINIWYRDE—LENKELY | RIEBAMNNEKGS
— BAT ERIRAKELGD

42



BELMRRS VT IVZERBEEDRAUE

FREMACKRRIEE A SCRAD LS.
SETAFREFA

- CELLEITEVRFEEIR
BHRDOEATEHEL MHERDELZHAD

43



THz-TDSRIEDHRA 2+

C EETAR

Wy
4L LK 0ol ﬁ .
-2 EREHS 2 ; .
REORAE L \ff;ED
8z °Te i
WERR (RLyb) ® ol B DN
-BERDKES =
Ry DETE e =

120

EIRY 30 CL
BT EOHHEHDEL

B35 2T LTAELT—2 & 8
B L - B A

44




€)

THz-TDS%|

] L\T:FE‘J

1151

45



TINIVYG e RLIZRIEH

It

ERRSD S

s
DE E“

@

MDIEEJ Trans. FM, 132, p.864 (2012) (QIEEJ Trans. EIS, 124, p. 1672 (2004)
®QIEEE Trans. Terahertz Sci. Technol. 2, p.242 (2012) @Optics and Photonics News, 15, p.34 (2004)
®Appl. Phys. Let. 90, 041102 (2007) ®Appl. Phys. A, 111, p.83 (2013)

@Appl. Phys. A, 100, p.591 (2010)

(®Electrical Engineering in Japan, 183, No. 4, p.1 (2013)
@J. Pharm. Innov. 7, p. 87 (2012)

46




IK DRI FFIE

IR £ [Hz]

10P 1P 100T 10T 1T 100G 10G 1G 100M

106;' /\
= ) Q@
& .
O 10° Liquid
B N
3
?‘f_z E' Solid b
2 f oll ’
2
g 10 r \
(=) 3 ¢
1x10™ k
10° ¢
10nm lpum 100pum 10mm im

&
[1] C. Zhang et al. APPL. PHYS. LETT., 79, 491 (2001).

[2] S. G. Warren et al. APPL. OPT., 23, 1206 (1984).
[3] M. R. QUERRY et al. HANDBOOK OF OPTICAL CONSTANTS OF SOLIDS 11,1059

a7



WEYE=2)25

B

DED K FTE

—4

fomt [t

IMNIEE—, ft, EXFR

M5 TOREKEFHDOHREE
MDIEERK [CEDHZETRDE R

2 hours

-In(lfly) at 1.5 THz

EMEEC, 124, p. 1672 (2004)

48



M OFHE (PE)

Frequency (THz)
0.6 2
12 T T
S0k “~
§ 10 F " N [N
= 4 .
E ’ N
S L 3
Z =
.5k P ’ 4 E-i-%
=7 -
= -
ST -’
s L -
0 L I L J————v’/l\."——‘
20 30 40 50 60 70 80 90 100
‘Wavenumber ( cm'l)
Fig. 13.
Frequency (THz)
0.6 1 2 3
22 T " T
20+ B

=

Al

Absorption coefficient (cm‘l)

Fig. 10. (Color online) Views of the model structures of C,gHss (a) and 03() 30 40 50 60 70 80 90 100
CagHs40 (b) with lengths @ = 0.740, b = 0.493, and ¢ = 1.78 nm. Gray/light

; Wavenumber ( cm")
gray balls: C, white balls: H, red/dark gray balls: O.

Fig. 2.

RUTFL DR DH 5

Marina Komatsu, et. al., Japanese Journal of Applied Physics, Vol. 53, 092402 (2014)

49



AN LILHRE

. :Carbon O :Hydrogen

. :Oxygen

TILFIAUEY

2.5

BEHME

240min
—180min

150min
—120min
—90min

60min

~—30min

(a) Molecule model

Absorbance([a.u.]

—new

3 6 9 12 15
(b) Vibration vector at 6.48 THz Frequency [THZ]

() A A A (AL ]

50
FEMIER, ith, EKFESHMXEHA, Vol. 131, p. 943 (2011)



ENREOFHIRIRE

EROFEDRH

Sample G ‘ﬁ

Sample C1 v

%

;
i

A

Sample C3

~84 m

~73 m

~49 m

-3 -2 -1 0
Reflection Intensity In//,

51

Norikazu Fuse, et. al, CORROSION, 71, pp. 1387-97 (2015)



ENERIEDIFIERE2

HREI—EVRE#IA—T4T Dy Ta— EERIE

>
LA
\

e
L

© ! \/\.
c i '
Re) i :
) i :
N :
I
= a
suction side pressure side i i
. —| & >
Meaurement Terahertz Microscopic Relative '," time E ‘\‘
location measurement observation difference i E ,
dr [pm]” dy[pm]” | (drda)/dy incident ‘surface { interface | 3 multiple
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2666 260410 2.3%
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#2 *value is the standard deviation resulting from surface roughness.
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53574

<4

d.= CAt/2n,

Ry= [(1-ngtirce)/(1+ne-ike)[?

R,= (1-R )2 X exp (-a,, X 2d,)
X [(Ng-ikg-NgFiKg)/(Ne-ikcg+Ng-iky)|?

R, (%) ae(Cm) R,(%) de(cm)
Skin 16.5 0.63 0.01~0.02
Model 15.3 45.2 D 0.21 0.015
® 0.07 (supposition)
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Call for Papers -

4th International Workshop on Photonics applied
to Electromagnetic Measurements in Sapporo

PEMZ2021 in Sapporo

Date: November 29-30, 2021
Venue: Hokkaido University, Sapporo, Japan
Style: Hybrid of on site and web

Paper Submission Deadline: August 6, 2021
https://www.ieice.org/ pem/link/5 pem2021/pem2021.html

Topics include (but are not limited to):

1. Basic theory/techniques related to PEM

2. Systems for PEM

3. Applications of PEM
Antenna measurements, EMC measurements,
Remote sensing, Imaging, Spectroscopy, - etc.

4. Competitive/complementary technologies to PEM

Workshop Committee:

Workshop chair
Teruo Onishi (NICT, Japan)

Local steering committee chair
Takashi Hikage (Hokkaido Univ., Japan)

Finance committee chair
Akihisa Tsuchiya (KISTEC, Japan)

Technical program committee chair
Ai-ichiro Sasaki (Kindai Univ., Japan)

Secretaries
Jun Katsuyama (Yokogawa Electric, Japan)
Yuto Shimizu (NICT, Japan)
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