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Molecular Spectroscopy

Macromolecule fundamental mode
rotational mode

£
j=2
%g ko mega giga tera peta exa zefta yotta
g5 100 103 10°  10° 102 1015 1018 102 10%
Cuw | | | | | | | | | _
2. I | I I I T i 1 —>
LEy MF VHF SHF xray  yray
Gge HF UHF EHF
P . micréwave .
555 Electronics Photonics
o /
0% THz
Che)
®
he ad ] | | A FIR | MIR | NIR V|5|P|e=
T R
10° 10 101 102 108 104 1015
frequency 10[GHz]  100[GHZ] 1[THz] 10[THZ] 100 [THz] 1[PHz]
wave length 3[cm] 3[mm]  300[um] 30[um] 3[um]  0.3[um]
wave number 0.33[cm?]  3.3[cm?]  33[cm?] 330[cm?]  3300[cm] 33000[cm]

Atomic spectroscopy

———l

electronic transition
higher harmonics

University of Tsukuba

WPI Center for Materials NanoArchitectonics (MANA)
CREST: Photonics and Quantum Optics for the Creation of New Functions
= 104~
o
=
=
3 - THz gap
= o
£&
Q. >
oL 102
OgB = s
LE3 BEvatovy
W g g ) L
0l =2 10t
585 €
mnZ0 =
o go 100
0.0 g
o_0
(5] .o O 101
o o
102~
1021 Microwaves Far infra
1 1 1000
104 | | 0 |
0.01 0.1 1.0 10
Frequency (THz)

100




WPI Center for Materials NanoArchitectonics (MANA) University of Tsukuba
CREST: Photonics and Quantum Optics for the Creation of New Functions
o O «
vatIVUOMR
. v 3 R
j=2
c
£< e T i _ -
0 —ERVItIVUHME: 1=1sing
o
E_m —e st o~ IS
oz —XmatIVUHMR
59
wss
Y- h—(=hw =hv)=2eV
555 ot
Zza
° \Y
Q.0 _ dc __
4 = 0.483 THz/mV
o_0 s .
%0 0 TatIuvLEs
° ¢,(= h/2e) =2.067833636 x10~*° Wh
Theory
B. D. Josephson, Phys. Lett. 1, 251 (1962).
Experiments (Indirect)
S. Shapiro, PRL 11, 80 (1963), S. Shapiro, et al., Rev. Mod. Phys. 36, 223 (1964), |. Giaever,
PRL 14, 904 (1965).
Direct measurements
1. K. Yanson, V. M. Svistunov and |. M. Dmitrenko, ZhETF, 48, 976 (1965), D. N. Langenberg,
etal., PRL 15, 294 (1965).
7
WPI Center for Materials NanoArchitectonics (MANA) University of Tsukuba

CREST: Photonics and Quantum Optics for the Creation of New Functions

BH a7V HE :Bi,Sr,CaCu,Og,;

£

a8

g2 Bi22120) i ! V.

OFZ  Bi-222OORRE/STA—F— -

ook T v

0nes —

'WOZ ’ — l / X: 50 mVidiv

o @ o Y / Y: 100 pAVdv

0.0 20K

0g0 EROREEKIZETS )

009 TatTU EEOI-VEE BHCatIV EE
IZ8B1T51-VHHE

ZEHR

g

1 um TH N~760%

AEHIZ R — BB




WPI Center for Materials NanoArchitectonics (MANA)
CREST: Photonics and Quantum Optics for the Creation of New Functions

B &8 Bi,Sr,CaCu,0g,;

e
a8 s IS - -
2L ERECatIVUBAEEEEICRELTWSR
022
;U REGERAMNTA—E—y
w m"J g
ges | FARR—F BEIR—T
0% y~1000 ——>  y~80
0.0
0.0 s
050 BiEROH
Ay¥o 5 h—7
sscew. |
- e 1
$ 44 03 42 "I:w - I 04 85

University of Tsukuba 4

WPI Center for Materials NanoArchitectonics (MANA) University of Tsukuba
CREST: Photonics and Quantum Optics for the Creation of New Functions
BEEDH i R
c
E5
5 He D& 1E
£5 1908
02g BEEDRS o HeCaBacuO
083 1911 160 R
=53 > £ i P
035 SN YPEEE ®HgCaBaCuO
g'c‘: s 1913 140 L
c H
o3 U% TICaBaCuO @-HgCaBaCuO
i 120 L 19914%6R 1993548
Q oo TICaBaCuO
& 198838
o . e 100 BiCaSrCuO
O .O < 1988%1H
YBaCuO
0o® g’é‘ o | 1987528
& 2%
&
60
40 . N LaSrCuO
— REx A v.si NbsGe®LaBaCuO
20 HARKFE Nb,SnV3S! !
NRON Nb-Al-Ge
PR Nb
Hg 1986 5
1 1 1 1
1910 1930 1950 1970 1990 %
10




WPI Center for Materials NanoArchitectonics (MANA) University of Tsukuba
CREST: Photonics and Quantum Optics for the Creation of New Functions

DAtV TS5XR

gineering in

program

©000 ;sps-ESFCTC
O ® * © O Nano-science and En

Cooper Pair
ha)p = 1[8729dhjc le BEEL A On GG
<<20~60 MeV s I / ;

fo=0,/27~100 Gols i o /”B

5
7

o000 Superconductivity

OEi:
P. W. Anderson, Lectures
on The Many-Body Problem as .«
(vol. 1) ediz/ed bny R. Caianiello At TIIIREN
Academic press, 1964, p113. WREEST AU RILTHRR
) b |
11
WPI Center for Materials NanoArchitectonics (MANA) University of Tsukuba

CREST: Photonics and Quantum Optics for the Creation of New Functions

ME—REHEE—F

HE—K BME—K

i T a

gineering in

program

0000 jsps-ESFCTC
O ® *» © O nano-science and En

o000 Superconductivity
~

o =w,41+ gu’k’ 07 =@, 41+ ﬂikfvy

su’k; <<1 ki, ~1
d depend = l
no d aepenaence B, 1 (2n—1)7r 2
| L(w/c)

12




WPI Center for Materials NanoArchitectonics (MANA) University of Tsukuba
CREST: Photonics and Quantum Optics for the Creation of New Functions
SatIvrIS5X7
p / A !
o /a &
ES
£¢ .
g2 Microwaves
25>
P53 9 GHz ~90 GHz 120
(ST} i
3 3
%82 ) 110 ]
U.J 3 8 BAiCssmaRe 3
Do 100 3
58 3
B23 -] 3
o 3
ow.o A Vererpew & E
262 i w70 3
049 B 3
0.0 9 8 3
o — E
o0 ;
4o
3
20
10
0 E
0 10 20 30 40 50 &0 70 80 90 10O
T
13
WPI Center for Materials NanoArchitectonics (MANA) University of Tsukuba

CREST: Photonics and Quantum Optics for the Creation of New Functions

AHEE L THzZO RIR

£
o
£
s
gg Au-covered mesa
o2 e
S
>
© °= THz waves
O
w
n.
LI," (
g (
% s THz waves
0-0
0%
0.0
o _ 0

) A5 D S S DSEMIE

Lum) [wm) [d@m) |22@m) [f.(GH?) [f,, (GH2) | 2f,, (GH2)
300 100 1.0 200 358 357 —
300 80 1.0 160 447 480 990
300 60 1.0 120 597 560 —

14




WPI Center for Materials NanoArchitectonics (MANA)
CREST: Photonics and Quantum Optics for the Creation of New Functions

Si-FROA—4—
RRA—S ERADKRER

University of Tsukuba

EBROEYrNTYT

£
Ey
ES
E @
)
A w - = : I-.-I
022 75 1A T[RRI E
wzg
geg HeZB—U544 8k
mnZon
Ooo 2EF§+ \
oﬂ.bo Mz A
o_0
090

Guide

wIN— Si-FROA—5—

15

WPI Center for Materials NanoArchitectonics (MANA)
CREST: Photonics and Quantum Optics for the Creation of New Functions

JSPS-ESF CTC program
NanO-Science and Engineering in
0000 Superconductivity

0000
0®++50

University of Tsukuba

16




gineering in

program

0000 jspsESFCTC
0 ® *» © O nano-science and En,
o000 Superconductivity

WPI Center for Materials NanoArchitectonics (MANA)
CREST: Photonics and Quantum Optics for the Creation of New Functions

A OEBIENORERFIE

100 150 200 250 300

T(K)

University of Tsukuba

« Slightly underdoped
«T,=76,80K
e AT =2K

17

gineering in

program

0000 jsps-ESFCTC
O @ » © O nano-science and En
o000 Superconductivity

WPI Center for Materials NanoArchitectonics (MANA)
CREST: Photonics and Quantum Optics for the Creation of New Functions

AHDI-V ik

0.68Qi4ct //

4 posifve
+ negatve

S -]

0.8 16

University of Tsukuba

BEE 3tV ES
BEDEEISUTF
53ty

667 B/1um

18




WPI Center for Materials NanoArchitectonics (MANA) University of Tsukuba
CREST: Photonics and Quantum Optics for the Creation of New Functions

THZRDKRH

BRHBZMNODH A

program
e and Engineering in

2
022
g2
2 ""60 / 12 25
p [ / T=25K \, — 85K
g 5ot T=40K ] L w=80um
2§ w =80 ym § fc=452GHz - 420
9L 40t 4 k= 8f —— parallel 75K
g g g I ——perpend. 115 _
L 30 1 @ 4| —simulation El
8§ ool ] & {10=
kS s
k=] k1
S 10} 1 2o {5
0 st 4
e : : : 0
-1.0 -05 0 05 1.0 0 05 1.0 15
V (V) V (V)
(Lutfy Ozyuzer et al., to appear in Science) 19
WPI Center for Materials NanoArchitectonics (MANA) University of Tsukuba
CREST: Photonics and Quantum Optics for the Creation of New Functions
16
: _ 3
. BFEHE =
. BEHOME
8% § H [=] Z1N =
st 2
£ 3 s 4
) 0
000 P rag & N A
0,0 16
0.0
Q.0 ~
o abE—L UMkt 2
ﬁ%?ﬁﬁ' J‘] : I:)single - pW %
o aL 5 ~ 4
= -
-g - ’./ .
@ 105105538 75/ 87— Sa a -
< sHg
[/ + /./.. J
A . . . . .
SEEAERS P32 pW - mW % 0z 04 06 08 1

el 20




WPI Center for Materials NanoArchitectonics (MANA) University of Tsukuba
CREST: Photonics and Quantum Optics for the Creation of New Functions

BEDHR

gineering in

Iguchi, et al., Phys. Rev. B61 (2000) 689.
K. Kadowaki, et al., Physica C 437-438 (2006) 111.

£
o
gc
gy,
&S
2 §§ K. Yanson, V. M. Svistunov and I. M. Dmitrenko, Zh. Eksperim. i Teor, Fiz. 48,
hgs 976 (1965),
gg ’gl D. N. Langenberg, et al., PRL 15, 294 (1965).
”’; ?  A.H. Dayem and C. C. Crimes, Appl. Phys. Lett. 9 (1966) 47.
gi'g.g J. E. Zimmerman, et al., Appl. Phys. Lett. 9 (1966) 353. B
o°o K. Nagatsuma, etal., J. Appl. Phys. 54 (1983) 3302.
o;o K. Nagatsuma, et al., J. Appl. Phys. 56 (1984) 3284.
Kleiner, et al., PRL 68 (1992) 2394. ﬂ
Ustinov, et al., PRL 77 (1996) 3617.
P. Barbara, et al., PRL 82 (1999) 1963. «—— 7L EEEEES

21

CREST: Photonics and Quantum Optics for the Creation of New Functions

RIRBHLERENDDOER

£

o

£

%

EE

o2 ~10 W/cm?
[SH=it _
552 S
083

LLC.c

0o g

o cqg

B23
o?o
ol 0
0.0

®
000

Radiation Power (nW)

WPI Center for Materials NanoArchitectonics (MANA) University of Tsukuba

22

11



WPI Center for Materials NanoArchitectonics (MANA) University of Tsukuba

CREST: Photonics and Quantum Optics for the Creation of New Functions

FT-IRIZ&KATHzS 3t

£
j=2
£
ES 0.010 ————————— —r 8700
C 2 L V=0.807 V :
g5 / T
£5 V=0.870V " 1gg00 3
e % 3 r .-'""-. S
Cgt 0.005 | 1-V curve e 5
553 = s J8500 <
w3as = =
N5 <
H&s - 18400 =
"’; @ 0.000
099 H . L T=40K, Jg300
0 0.0 0.5 1.0 15
0g0 vV (V)
000
0.3 T T T
07/07/04 —0.870V
ﬂ KK 03 ——0.807V
- 0.2 - T=40K 0.446 V| o
)
2
‘D
oy
I
£
0.1 1 1 1 1
8 10 12 14 16 18
wavenumber k (cm™) 23
WPI Center for Materials NanoArchitectonics (MANA) University of Tsukuba

CREST: Photonics and Quantum Optics for the Creation of New Functions

c o
: BERRIML (1)

ES

f @

55

G oot

Oczg | i

cgg 200 o3

B2t L T=40K

"0 8 F

4] [ A07112338 V20826V

L= 150 4

mnZ0 — |

000 = [ A=0.374cm’ ]

0.0 8 I _' Instrumental resolution limit 1

%¢2 > 100}  4kk=0.0316 Ak=0.25 cm-t

b g i Af=7.5 GHz ]
9] - e _ ]
gl I 2L VR

0 C " " " " 1 " " " " 1 " " " " 1 " " " " 7
10 11 12 13 14

wavenumber k (cm'l)

24

12



WPI Center for Materials NanoArchitectonics (MANA)
CREST: Photonics and Quantum Optics for the Creation of New Functions

University of Tsukuba

fem™)

Emission occurs only in a limited temperature region !

f B
j=2
- AL ISZ,
£e
og
3‘“‘2? 300 T T T T pry T T T
>
Csg y w =100 ym 12 & i
£ 3 i I ] 2w [\ .
uds [ > g2 |4 \ =s=15K
ods 3 3 sk | B R D HE
a3z — 200} t - AR e
00 8 1 ok |2 a0k
i ——350K = ; T
0L0 2 T [ 400K |1 9
0g0 @ s ]
030 & 100 g
1= S 1
1) e R i
0 11 12 13 14 15

25

WPI Center for Materials NanoArchitectonics (MANA)
CREST: Photonics and Quantum Optics for the Creation of New Functions

R LA DR D L R

_ CO — 0 = N
2nw  nAi EHK

gineering in

University of Tsukuba

) Width w (um)

£
g
o
£a
[SR=
ocz
1 -
632 EHTE n=4.19 o
: YL TN RIREDRE
peg FBEHE £=4.192=17.53
B23
0%
%0 1000 T y 0] — .
oo frequency f vs 1/width w™* 900 E
0g0 § 800f 1 = soof ]
T
e © 700} ]
-, 600f E . 600F E
Q [3)
§ S 500F 1
93’ 400} 1 % 400F E
w L 300f E
200 L . 200 T T T T
10 20 30 30 40 50 60 70 80 90 100110120
1/w <cm'l

26

13



WPI Center for Materials NanoArchitectonics (MANA)
CREST: Photonics and Quantum Optics for the Creation of New Functions

RIS

University of Tsukuba

7 [ — A
4 ~ PocN?  fisat oy R
E—-uég >
3 0=0,-0,
b8 2eV do _ 2e
h§e Wy =—— - = dc
T " . h dt
o3 | BEXGYatIV RE PO = o)ty
0,0
0% SEEAHEA C_2eVy Vo
h %o
Je—LYR
a4
hv=ho=E,-E, FEMS
Jﬁ% l/_'lj:_ 27

WPI Center for Materials NanoArchitectonics (MANA)
CREST: Photonics and Quantum Optics for the Creation of New Functions

2
e = 474" 5 389x10°
7% (0.635)
2
min _ MX 2-36

T x(15)?

University of Tsukuba

EHOEHE

£

j=
£
g8
25 Diamond
a4 plate d=1.27cm window
P53 L 3 - d=3.0cm
083 T<
»oT o I
wag R K -
N5 optical guide
55¢ chopper
nzo Si composite Sample
o 30 Detector L=14cm ——— >
o, 0
(] .o
e < 10mv

I:)sample S Ceff I:)obs Po =S XV, =—————=36.6nW
2.73x10

0.32 PW<Py;0¢<0.14 mW

28

14



WPI Center for Materials NanoArchitectonics (MANA) University of Tsukuba
CREST: Photonics and Quantum Optics for the Creation of New Functions
5oL _ G CotE
EE) obs = n: BITER =14; =4.19
5%; W\ s oig N intrinsic junctions
Ges work together
G55 RBE—F A=2w,w,w/2,. asiftheyare
hoE a big single junction.
a c 3
%’c;z“ a 2 — %Vobs
' obs
o0 h N
oo N :va _ 483.5940 0.791523 — 673(=1.02 ..
0.0 2% T, 0.001 X568.1617 673(=1.029,m) Coherent resonant emission
e occurs when
XfoattIV o HEMN N
BEROCILIVIEESTHHELTLS ! Vobs —88-7XW (mV)
3 P, ocN 2 is satisfied. ((w]=[um])
obs
2EANA—GETHRE !
& &S s g >
Xfoatorsvb—¥—

15



