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Discovery and its background
Basic properties of superconductors
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Crystal Structure of Bi,Sr,CaCu,Og, Kleineretal. PRL 68, 2394 (1992)
Sakai, Bodin, & Pedersen, JAP 73, 2411 1993

Koyama & Tachiki, PRB 54 16183 (1996)
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THz waves
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Sources of THz wave

- Pulse generation with
femtosecond laser
- Photoconductive antenna
- Semiconductor crystal

- CW generation from solid state
devices
- Quantum cascade laser

- Resonance tunneling diode
oscillators
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Synchronization of Metronomes

http://youtu.be/DD7YDyF6dUk
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Our Interest

IS It possible to synchronize huge # of
Josephson junctions?

Yes, we did it!
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Mechanism
A2 Cavity resonance
C - T
V= 2nw I—

AC Josephson
2ev _ 2eV/N [ ~—

YV = — =
h h — FER

Intense THz emission is due to:
Synchronization of Josephson plasma
waves with a cavity mode.

Local temperature rise possibly

Induces the synchronization.
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Circular polarization

Linear polarization A Ly
Patch antenna theory:

Ex i
\/\/\/\ > Truncations at corners of square
antenna allow to generate C-

polarized waves.

Circular polarization

AN. =J0600
N2
Truncated mesa possibly
generate C-polarized waves

Apps. Circular-polarized wave
* Wireless communications
« Circular dichroism spec.
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Fabrication of truncated mesa

Patch antenna theory
Condition for C-polarization
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S 40
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Polarization of rectannnilar maen

Bolometer Output (mV)
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Polarization of notr
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Summary for THz emission

- The relevance of the T distribution to the emission
Intensity is demonstrated.
- More intensive THz wave is emitted from less heated case.

- The emission intensity increases by up to 20% with a decrease in
the hot-spot size.

- Polarization of the emitted THz wave is investigated

- Elliptically polarized wave is emitted from the truncated mesa
structure.
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RCSJ model of JJ

I a4
IV characteristic of JJ: f//\ ll

resistively and capacitively
shunted Junction ’ [ K
=1 sino+L+cdV [ l B ™o
° R o e
Ve=2A/e
dé _ 2eV |-V characteristics
dt A RCSJ model
1 d%@ 1 do . |
> —+— +SInf@ =— .
wy, dt° @ RC dt ., Ny
-

Motion of a particle in a tilted cosine
potential
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SWltChlng dynamics of JJ

Distribution of I, is a function of

ISW :
NP 1S 10 C. T (TA)
§ count é ? Dy = a2 exp (_ &U)
E =S kpT
Voltage L Switching times‘ Thermal escape
U (o) w, [B64AUT 36AU
Chvior — B
) MQT o hew, exp ST,

Thermal fluctuation

Quantum tunneling

Superconducting

phase qubit

wpo = 1/2eI./hC g
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Peculiarity of MQT In 1JJs

- Length scale
Inductive coupling: A ~ 100 nm
Capacitive coupling: gy ~1nm
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Assumption

- Inter-JJ coupling enhance

escape from the trapped state
of a JJ when an adjacent JJ is
In the running state.

- Its strength is varied by the
thickness of SC electrode.
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Crystal structures of three
BSCCOs BI,Sr,Ca,Cu30,4,

Bi,Sr,CaCu,O
Bi,Sr,CuO,  ° ° 278
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Measurement setup
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Results summary

I R P

Bi2201 1st 0.6 K 0.35 K
Bi2201 2nd 2.0K 0.30 K 6.7
Bi2212 1st 2.0K 0.72 K 2.8
Bi2212 2nd 10 K 0.95 K 11
Bi2223 1st 2.0 K 0.55 K 3.6
Bi2223 2nd 2.0K 0.59 K 3.4

T,.4/Ts > 5in Bi2201, Bi2212



2016/7/15 Itsuhiro Kakeya, Dept. Elec. Sci. & Eng., Kyoto Univ.

Coupled quantum tunneling
Bi2201, Bi2212 Bi2223
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Summary for MOQT
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Google [

EF7=—UTIZ&KYAEHLE RELEEZERE
D-Wave One (128 qubits): 20114
D-Wave Two (512 qubits): 20134
D-Wave 2X (1024 qubits): 20154

R [FRImE. HEDREL
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http://www.dwavesys.com/d-wave-two-system
http://www.dwavesys.com/d-wave-two-system
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D-wave®E{zE [ (SQUID)

¥ Si0,

junction

Josephson
Junction

T. Lanting et al. Phys. Rev. X 4, 021041 (2014) Zh oi + ) _Jijoic;

EHFDD-wave 2X (1024 qubits) TlE. 128,000 D a7V #EE
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T. Kadowaki and H. Nishimori, Phys. Rev. E58 (1998) 5355.
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- 5 qubitsD £ FitEZwebH A F TR : IBM Quantum Experience
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- "Diqgitized adiabatic quantum computing with a superconducting circuit”
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Summary of lecture
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