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ABSTRACT
DYNAMIC PROPERTIES OF SUPERCONDUCTING MICROBRIDGES
Mark David Feuer |
Yale University

1980

Superconducting microbridges of Pb alloys have been studied in
both the uniform-thickness and variable-thickness geometries. Variable-
thickness microbridges of pure In have also been studied, to investigate
the effect of a long electron mean free path and a long superconducting
coherence length. Measurements of the time-averaged voltage as a func-'
tion of the current bias, performed at various power levels of micro-
wave irradiation, yield information about the Josephson effect, Joule
heating, and other phenomena of the dynamic (i.e. finite-voltage) state.
Critical current data, representative of the static state, have also
been studied. A new photolithographic process incorporating ion-beam
etching techniques has been developed to permit fabrication of micro-
bridges with all bridge dimensions less than or equal to 50 nm.

Uniform-thickness microb;idges of Pb0.7B:i.0.3 and Pb().glno.1 alloys
have been fabricated using optical projection lithography and metal-
liftoff techniques. A special technique of through-the-substrate pro-
jection exposure has been developed to ensure successful liftoff of
microbridges narrower than 0.5 ym. The uniform~thickness microbridges
studied were roughly hyperbolic in shape, ranging from 0.2 ym to 1.9 um
in width and from 25 nm tc 90 nm in thickness. The critical currents
and the current-voltage curves of these microbridges have been compared
to the uniform-depairing and vortex-flow theories of microbridge be-

havior. The data do not show clearly the predicted transition from
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the uniform-depairing regime to the vortex-flow regime as a function of

bridge width. The Josephson effect response of these alloy microbridges

is similar to that of larger microbridges of elemental superconductors,
except that the high device resistances of the alloy bridges, which
range from 1 ohm to 8 ohms, are better suited to efficient microwave
coupling. Both the temperature range and voltage range of operation of
these uniform~thickness microbridges are limited by Joule heating, as
in uniform-thickness microbridges of elemental superconductors.
Variable-thickness microbridges of Pbo.glno_1 alloy and un-
allo&ed In have been fabricated by a new technique, step-edge lithography.
Microbridges ranging from 40 nm to 200 nm in width, with comparable
lengths and bank thicknesses up to 600 nm, have been produced. The
critical currents of the variable-thickness microbridges are found to

be linear in temperature over a fairly wide range near the critical tem-

perature. The magnitude of the critical current decreases smoothly as

the cross-sectional area of the microbridge is reduced, approaching
the theoretical, small-bridge limit for the narrowest microbridges
tested. As expected, the Joule-heating limité are much less severe for
the variable-thickness microbridges than for the uniform-thickness
microbridges. The Joule heating also shows a strong dependence on

bridge cross-sectional area: narrower microbridges show less severe

heating effects. Boundary scattering in the narrow bridge region,

quite significant in the pure In microbridges, is observed to increase
the device resistance and reduce the Joule heating effects. For the
narrowest In microbridge, microwave steps are observed to 1.9 mV and

no hysteresis is observed down to 1.3 K, the lowest temperature tested.

Other dynamic-state effects are discussed, including energy-gap-related
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structure, microwave enhancement of the critical current, and a micro-

wave-induced asymmetry of the current-voltage curves which has not been

previously reported in microbridge studies. Tﬁe overall trends of the

data on variable-thickness microbridges indicate that very small, high-

resistivity bridges with thick, low-resistivity banks offer the greatest

promise for high-frequency device applicationms.
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LIST OF SYMBOLS
Frequently—-used symbols and abbreviations are defined here;
symbols which occur in only one or two contiguoﬁs paragraphs ;re de~-
fined immediately preceding or following their first appearance.
Standard abbreviations for units, such as cm and , are used without

explicit definition, as are the standard for the chemical elements,

such as Pb.

Symbol Meaning

a normalized width of hyperbolic bridge,
a s (WIZE(T)51n(6max))

J electromagnetic vector potential

b local magnetic flux density

c speed of light in vacuum

c capacitance

7 STramser
BIGXPR

oy o
SRES TR

LR

thickness of bridge region in VIB; thickness of both
bridge and banks in UTB

T
(=1

i

D thickness of banks in VTB

charge on the electron; also used for the base of the
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e
' natural logarithm
a f frequency
i £ characteristic frequency of a microbridge, fc E (2eIcR/h)

i fundamental frequency of the Josephson oscillation,
J - = ;
fJ = (ZeV/h)

F force exerted on the kth vortex

GL Ginzburg-Landau (theory)

R R A T SA AT

Planck's constant

t k= (n/2m)
i v -1
I current, often‘bias current through a microbridge
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