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L (um) | w(um) | d(um) | Ty fobs 2fops 3ops Hops
(GHz) | (GHz) | (GHz) | (GHz) | (GH2z)
300 100 1.0 358 357 - - -
300 80 1.0 447 480 990 - -
300 60 1.0 597 560 - - -
400 60 ~2 597 624 1249 - -
400 60 ~1.0 597 648.3 1296 1944 2589
300 40 1.0 894 870
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Frequency vs. voltage
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Josephson junction

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), I. Giaever,
PRL 14, 904 (1965).

Direct measurements

I. K. Yanson, V. M. Svistunov and I. M. Dmitrenko, ZhETF, 48, 976 (1965), D. N. Langenberg,
et al., PRL 15, 294 (1965).
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: Estimation of Emission power
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Efficiency of emission
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52 8 .
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= S
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efficiency ~3x10* ~5-10%

For useful applications,

a factor of 100-200 is necessary!
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Comparison of power
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kuch of current THz reseanch revohes
around spectral specicity and trans-
mission properties. The THe frequency
s more selective than X-rays and 15
therefore more sensithve to the nature of the materials it passes through. Hers, a red
pepper and a prawn are presented slongside thelr THz Images. [Yulchi Oshima, RIKEN.]
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o - After K. Kawase,
1.98 Thz Optics and Photonics News, Oct. 2004, p.38
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Summary (1)

Cy C,: velocity of light
2nW n: refractive index =1//; =4.19
w: width of the sample

obs

Resonance mode with A =2w,w,w/2,...

f _ Evobs
obs
h N
N = Lvobs _ 483.5940 g 0.791523 _ 673(=1.029 zm)
2e f 0.001 568.1617

obs

ac Josephson effect

3. P oc N?  (~5uw)

All junctions are coherent!

N intrinsic junctions
work together

as if they are

a big single junction.

Coherent resonant emission
occurs when

V,, =88.7x N (mV)
W

Is satisfied. ([w]=[um])

)

ac Josephson Laser (STAR-emitter)!
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Summary (11)

5%3 4. Monochromatic spectrum

y £ within the limitation of FTIR spectrometer

Af <7.5GHz

13

°g0 TWO Types of Radiation Mechanisms
O

1. Synchronous Oscillation:
STAR-emitter

Nonlinearlity and nonequilibrium are important!

2. Cascade Amplification of Emission: CASER
direct Cooper pair recombination process near T,
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Summary (111)

G O

05> i

L There is a room

53¢ for increase output power of radiation
3 5

O c g -

‘4;2“8 It needs about 200 times more power
O,Zﬂ[ho

o._.0 ‘

049

. Pout ~1 mMW

Thank you very much
for your attention!
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c = 7
Properties of 1JJ’s
S ¢
= Short junction: W= A4, Long junction: W>> A,
N R .
B2 R(H) oscillation R(H) oscillation
& & 5 Fraunhofer pattern No Fraunhofer pattern
B23 Fiske steps No Fiske steps
0;351';0 MQT Collective modes (resonances)
3;;;_;8 (Macroscopic Quantum Tunneling) (geometrical resonance)
0,0

o

In zero magnetic field, | A4, <<w<A <L

Mesa In zero field, the system behaves
as ifitis ashort junction.

ﬁ* - THz radiation
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Higher Harmonics
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- FInite Intensity at =0 (l)
ggg substrate substrate g _——.

(a) (b)

Dipole radiation: example

Condmat #08073082, R. Klemm and K. Kadowaki,

a “Angular dependence of the radiation power of Josephson STAR-emitter”
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Finite Intensity at =0 (I1)
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