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Integrated circuit for NIST's new programmable AC/DC 10-volt standard. The
chip contains about 300,000 superconducting Josephson junctions (located along
horizontal lines at right-center of micrograph). Credit: NIST

Extending its 26-year tradition of innovative quantum voltage standards,
researchers at the National Institute of Standards and Technology (NIST)
have begun shipping a new 10-volt standard to users around the world.
The programmable system measures both direct current (DC) and
alternating current (AC) voltages.
NIST AC/DC 10-volt standard chip.

The new 10-volt system* builds on a number of previous NIST
inventions, from the initial 1-volt standard in 1984 through the 2006
unveiling of the world's first precision instrument for directly measuring
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AC voltages.** Because the measurements are made using integrated
circuits based on quantum phenomena and simple equations that can be
reproduced reliably, NIST quantum voltage standards represent a major
advance over historical artifact standards, which were essentially
chemical batteries that were influenced by environmental conditions and
sometimes drifted over time.

About 50 standards labs, military organizations, and private companies
worldwide calibrate voltmeters using standards based on earlier
generations of NIST-developed technology. Products made with these
instruments range from compact disc players to missile guidance
systems.

The new technology relies on superconducting integrated circuits
containing about 300,000 Josephson junctions, whose quantum behavior
ensures that every junction produces exactly the same voltage. Quantum
voltage standards are based on the Josephson effect, observed when two 
superconducting materials are separated by a thin insulating or resistive
film and a current tunnels through the barrier (or junction). When 
microwave radiation of a known frequency is applied, the junction
generates a voltage that can be calculated based on that frequency and
two fundamental constants of nature.

The new standard offers unique advantages over previous generations.
For DC metrology, benefits include higher immunity to noise
(interference), output stability, and ease of system setup and operation.
The system also enables a wider range of applications by producing AC
waveforms for accurately calibrating AC signals with frequencies up to a
few hundred hertz. A key advance is the use of junctions with metal-
silicide barriers that produce stable steps and have uniform electrical
properties. The system also incorporates new electronics, automation
software, and measurement techniques.
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https://phys.org/tags/quantum+phenomena/
https://phys.org/tags/integrated+circuits/
https://phys.org/tags/quantum+behavior/
https://phys.org/tags/superconducting+materials/
https://phys.org/tags/microwave+radiation/


 

The first system was shipped to the Kennedy Space Center in Florida
earlier this month, and others are on order by standards laboratories in
Brazil and Taiwan.

  More information: * C.J. Burroughs, P.D. Dresselhaus, A.
RÜfenacht, D. Olaya, M.M. Elsbury, Y. Tang and S.P. Benz. "NIST 10
V programmable Josephson Voltage Standard System." Presented at the
Conference on Precision Electromagnetic Measurements, Daejon,
Korea, June 14, 2010.
** See NIST newsletter article "Road to AC Voltage Standard Leads to
Important Junction" at www.nist.gov/pml/road_062006.cfm
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