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Josephson
Junctions
For
instrument
Applications

Components using Josephson junctions offer new
applications for test and measurement equipment.
Within the next ten years, | believe, Josephson-
effect technology will be commonly used in
electrical standards equipment, high frequency
gear, and large computer mainframes, and that will
mean a large market for new test equipment. Even
now, Josephson junctions are being designed into
computers (at IBM), voltage standards (at Hewlett-
Packard), microwave oscillators and mixers,
magnetometers, parametric amplifiers, and a host of
other instruments where the quantum mechanical
precision and versatility of the device outweighs the
cost of the refrigeration system (typically a couple of
thousand dollars).

CONSTRUCTION

The junction consists of two superconducting metal
electrodes separated by an oxide barrier 1.5t0 10
nanometers thick. The superconducting metals used
are usually lead or niobium, which are super-
conducting at 4°K or —269°C. The barrier is made
by oxidizing the surface of one of the electrodes.

1to 100 um

Niobium /

SUPERCONDUCTING METAL ELECTRODES

Niobium Oxide Barrier

A thin film Josephson junction.

The devices can be built using standard tech-
nologies in existing integrated circuit labs. Device
size is limited only by the precision with which the
oxide barrier can be grown.

PROPERTIES

Superconducting electron pairs can pass through
the barrier (a process called tunneling) thereby
coupling the two electrodes. The Josephson
junction exhibits several useful electrical properties.
The properties include ultra-high sensitivity to
magnetic fields, very low voltage switching, and
voltage-to-frequency conversion related by

frequency = voltage % (2e/h)

where e is the electronic charge and h is Planck’s
constant. The value of 2e/h is 484 MHz per micro-
volt. Junction voltages as high as 2 mV are possible,
permitting operation in the terahertz region (10'?)
for voltage standards, and for mixing, detection and
oscillation devices. Josephson junctions have been
used by the NBS to define the standard volt and by
others to mix long wavelength infrared light.

SUPERCONDUCTING LOGIC

The digital properties are as interesting as the
frequency domain properties. The oxide barrier
Josephson junction has an |-V characteristic as
shown below:

The junction can maintain a superconducting (zero
voltage drop) current up to Ic(the critical current) at
which point the junction switches to the finite
voltage state.

The critical current, which ranges from microamps
to milliamps, is controlled by barrier thickness and
surface area. The gap voltage (V) is a function of the
properties of the metal and the temperature. Since
the critical current is strongly influenced by
magnetic fields, the current controlled by one
junction can be used to induce a field in others. That
sensitivity to magnetic fields can be used as a basis
for logic devices. At this time, IBM is making LSI
logic using Josephson junctions, striplines and
terminating resistors. They are developing systems
with clock rates greater than a gigahertz.

—Keith Lofstrom
Monolithic Circuit Engineering
Ext. 6207,D.S. 50/316



On The Cover

Alessandro Volta
1745-1827

Alessandro Volta, professor of natural philosophy at
the University of Pavia, developed the first battery
which he called an electromotive apparatus. The
battery, which he announced in 1800, was made of
disks of brass and zinc separated with wet pasteboard.
His struggle to define the concept of continuous
current, as well as to develop the hardware to produce
the current, was hampered by lack of nomenclature
and units of measure.

Not having access to test and measurement equipment,
Volta resorted to his own senses to indicate the
relative magnitudes of the currents his battery
produced. He applied both terminals of the battery
to his tongue, to his eyes, or to his moistened hands.
On occasion he saw stars. He also tried inserting one
terminal in each ear. . . the effect, he said, was hard to
describe. He refused to repeat the experiment.

He lived to a ripe old age.

Herein we present a handy English-to-Metric time
conversion table that demonstrates how much
easier metric units are to use. This item first
appeared in EDN’s 2nd Annual April 1 Special
issue (1977).

ENGLISH METRIC
364.75 days (approx.) 1 year
30.416 days (approx.) 1 month
7 days 1 week
24 hours 1 day
60 minutes 1 hour
60 seconds 1 minute
1 X 10" picoseconds 1 second

A
Graphics
Statistics
Package

A package of routines for graphically displaying
statistical analyses in APL on the Scientific
Computer Center’'s Cyber system is now available.
Use of the package is limited to 4015 and 4013
terminals, but the user is not limited to data entered
in APL. Instead, the user may call CFILEREAD to
access data in Cyber coded files.

John Rutis, Storage CRT Engineering, developed the
package (the only graphics statistics package
available) for his own work and for others in his
area. The package includes eight routines:

RUNAV arunning average plot.
SCATTER a scatter diagram.

GREG graphic regression.

GSTREG graphic stepwise regression.
PROB probability plotting

CURVE curve fitting.

VIEW 3-D view of a matrix.

Gb the graphics package used by the

above routines.

There is a copy of the package description attached
to this issue of Engineering News. If you have any
questions give John a call on ext. 7558 or drop

by 50-252.

APL

APL (A Programming Language) is a general
purpose language used in applications that range
from data processing, through design, and mathe-
matical and scientific computation, to the teaching
of mathematics. APL is very concise, requiring as
few as 10% of the statements required by
FORTRAN.

APL has a reputation for being an exclusively
mathematical language. But, according to Kenneth

Iverson (inventor of APL, and manager of IBM's

APL Design Group), the reputation is wrong. “Ninety
per cent of APL used, inside and outside IBM, is for
commercial data processing. It's also used success-
fully by design engineers.”

For more information about the development of APL,
see the June 12,1977 issue of Electronic Design,
pages 52-55
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The convenience of using graphic displays of statistical information is dramatically shown in this
comparison. The data on the left is also presented in the plots on the right. This is a simple example.
Typically, plots represent reams of data in listing form.



Farm-0ut
Circuit
Boardgs

NEW SERVICE

Etched Circuit Support has added a new farm-out
service for circuit boards. All engineering circuit
boards should now go through ECS which wiill
process them in-house or will send them to one of
several outside vendors whose work meets
Tektronix standards.

STANDARDS

ECS is providing the new service for a couple of
reasons. First, the farm-out will enable ECS to
maintain its turn-around time commitments when
the Etched Circuit Lab is operating at full capacity.
Second, by having all farm-out circuit boards going
through ECS to approved vendors, the quality of all
boards will meet Tektronix standards. In the past,
some farm-out boards not sent to approved vendors
have failed to pass QC inspection, environmental
tests, and cross-sectioning tests.

WHO TO CALL

If you would like more information on the new
service, contact Tino Ornelas on ext. 6236.

| E C PROTOTYPE LAB -

In-house, the people in the fab-lab (Etched Circuit
Prototype Lab) work around the clock (in three
shifts, thatis).

Juanita Orozco aligning the front and back
filmwork for a pc board.
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A wall full of profiling templates the fab lab has
used to outline pc boards (they’re available for
easy reference).
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Jean Kennedy QC’ing pc board mock-ups brought

S

in by designers.
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