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Outline

* |ntroduction to Josephson-junction
arrays

e Our arrays

* Resonances in discrete Josephson
transmission lines

e Lasar models
e Conclusions
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Why arrays?
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How do junctions synchronize?

e Lumped arrays | /2

<

e Coupling through external load
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e Overdamped junctionsI

(efficiency 1-5%)
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Our arrays. A puzzlefor the
standard synchronization picture

o Distributed arrays |

e Synchronization: analogies with

|lasers
- threshold to coherent state
- characteristics of steady state emission

o Underdamped junctions
- bonus: efficiency up to 33%!
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Underdamped junctions
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Our Arrays
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Where does the resonance come from?
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Circuit modd for 1 column*

L-=21pH; C;=11fF
C,=06pF, R,;=300W/(sub-gap)

* A. B. Cawthorne et al., PRB 60, 7575 (1999)
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Where does the resonance come from? ||
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Resonance frequency: n = w/2p ~ 142 GHz
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Propagation properties
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Experimental facts

e 2D arraysshow aresonanceat k =0

* the resonance freguency does not
depend on array length or external
load

* NO resonance could be measured In
1D arrays

* NO resonance could be measured In
arrays with shorted horizontal
junctions
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Detector
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Power dissipated in the load

total number
of junctions=N

I 8 Rl inactive X = %Rj

Vac
active X = Rj

If al the junctions are synchronized:
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Typical chip
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Array 3X36
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Array 4X36
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B. Vasilic: poster session
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Our Best results at 150 GHz

Maximum detected power:

Array 3x131
Pac = 0.4 MmN
DC-AC efficiency= 11%

Maximum DC-AC efficiency:

Array 4x6
Pac =0.25 nW
DC-AC efficiency= 32%
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Models for the coherent state
[1] 41 [2]
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For anaray of M junctions
H=70n freefidd energy for n photons

+ico 2mNm dectrogtatic energy dueto
pair imbdance N, fico = 28V

- 26N ¥ Om C0@m - am)  interaction of
upercurrentswith rediation fidd

[1] D. R. Tilley, Phys. Lett. 33A, 205 (1970)
[2] G. Filatrellaet al. Phys. Rev. E, 61, 2513 (2000)
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Tilley’ s predictions

H=4/Q+%hw2XnNm- ZhnWZm ngOS(¢m‘ am)

In steady-state = %rt] =0

N« Ppc forfixed M

n=M? atthetop of the steps
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Analogy with lasers

D. Rogovin and M. Scully, Phys. Rep. 25C, 175 (1976)

R. Bonifacio, F. Casagrande, and M. Milani, Lettere al Nuovo
Cimento, 34, 520 (1982).

Two-level atoms Josephson junctions
@ 2 —— |
i hn 2eV=hn
1
N2> Nrpreshold Na > Nypesnold
In steady state
N o PinpuT N o Ppc

no (Pfﬂssure)2 nocgtz

density of atoms density of active junctions
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Conclusions
» very high DC-AC efficiency (32%!)

e maser behavior (threshold, steady-state
coherent emission)

Future work

e |INncrease output power
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e L Inewidth measurements
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