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*This publication is based (partly) on the presentations made at the European Research
Conference (EURESCO) on "Future Perspectives of Superconducting Josephson Devices:
Euroconference on Physics and Application of Multi-Junction Superconducting Josephson
Devices, Acquafredda di Maratea, Italy, 1-6 July 2000, organised by the European Science
Foundation and supported by the European Commission, Research DG, Human Potential
Programme, High-Level Scientific Conferences, Contract HPCFCT-1999-00135. This
information is the sole responsibility of the author(s) and does not reflect the ESF or
Community's opinion. The ESF and the Community are not responsible for any use that might
be made of data appearing in this publication.
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. Various Josephson transmission

lines: long Josephson junctions, parallel
arrays, Josephson series arrays with
“ground plane”.

. Experiments: JJs embedded in the

transmission line.

. Josephson series array with

“ground plane”: model and equations.

. Branches of |-V curves: active and

passive junctions.

. Spectrum of linear modes: “ground

plane” induced GAP in the w(k).

. Low-voltage resonances: the voltage

position is determined by w(0).

. Amplitude and length of the JJ

Interaction: dependence on the
parameters.

. Disorder: critical current spread,

random distances between active JJ.

. Synchronization length: interaction

vs disorder.



Various Josephson transmission lines:
basic properties

Long Josephson junctions
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Strip-line parallel arra
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Josephson series array
with “ground plane
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Basic properties
Applied DC bias current: Ig

Josephson AC current excites EMW
DC Voltage V corresponds to the frequency W of EMW

Current-Voltage resonances are determined by
theSpectrum of EMwW



EXPERIMENTS:
JJs embedded in the transmission line

Underdamped Josephson junction arrays

Array  Junction
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Ground plane
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Low voltage resonances (row switching);
Radiation from Josephson junction array as N>N,

Overdamped Josephson junction series
array




Josephson series array with “ground
plane”: model and equations
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Josephson junctions: RSJ model, I, R, C
Transmission line: Lo, Co

Equations:
I, IS the alternating current in the n-th cell
V, Is the voltage at the end of the n-th cell

| nis the Josephson phase of the n-th JJ.




Branches of |-V curves:
active and passive junctions
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X JJs that are in the voltage (rotation)
state: active junctions

JJs that are in the superconducting
(libration ) state: passive junctions




Spectrum of linear EMW:
“ground plane” induced GAP in the
w(k)
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Linear modes in JJ transmission line:

Spectrum of linear modes:

1. C=0, w(k)~k (“standard transmission
line”)
2. C>0, two branches, GAP

Dependence on




GAP=

b<<1



Low-voltage resonances
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The AC Josephson phase distribution along the
transmission line in the presence of active junctions

The resonance voltage positions are
determined by w(0)=wg !
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“Attenuation” length in JJ

transmission lines: interaction

length between active junctions
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Transmission line
The interaction length:

(~30-40 cells, depends on the damping a)
The interaction strength:




Interaction vs Disorder:
synchronization equation
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Transmission line

Disorder: critical current spread (Dlg/1;~5%):
Random distances between active junctions

Synchronization equation
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Synchronization length:
mapping to “Anderson localization”

Synchronization equation
(the Schrodinger Equation with a random potential)

Sychronization length (Localization length)
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Summary

Spectrum of linear modes: “ground
plane” induced GAP in the w(k).

Low-voltage resonances: the
voltage position is determined by w(0).

Amplitude and length of the JJ

Interaction: dependence on the
parameters.

Disorder: critical current spread,
random distances between active JJ.

Synchronization length: interaction
vs disorder.
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