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Abstract

The NCSL Working Group that is developing a Recommended Intrinsic/Derived
Standards Practice (RISP) for a quantum Hall resistance (QHR) standard has
surveyed a group of standards laboratories to learn where a need for the
standard exists. Smaller national laboratories are actively seeking to develop
QHR facilities to support industrial needs. U.S. major industrial standards
laboratories are suitable sites for the QHR standard, but few are eager to
pursue development due to the perceived difficulty and expense of operating a
QHR facility. The development of the RISP will reduce the ambiguity in the
planning process. Initial questions about the method of measuring the
resistance standard and scaling to the decade levels are addressed.

Intrinsic Standards

Two intrinsic effects in solid state devices, the quantized Hall effect and
the Josephson effect, are used as a foundation of the U.S. and international
electrical measurement system. The value of the maintained unit is the same in
all laboratories using the intrinsic effect as the standard if measurements
are properly performed, and in addition the time dependence or drift in the
unit is removed. Fig. 1 shows the drift of the U.S. ohm since 1984 and the
1990 adjustment', a change made to bring the unit into agreement with the SI
definition of the QHR. Similar corrections were made in laboratories world-
wide.

Users of resistance standards require artifact standards such as wire-wound
resistors at many different levels of resistance. U.S. industrial standards
laboratories and government laboratories insure that scaling from one decade
level to another decade level, such as from 1 Q to 10 kQ, is accurately
achieved. The scaling from the value of the QHR to a decade level is not as
straightforward, and several methods will be covered in the QHR RISP.

National laboratories which do not now have a QHR facility must rely on
another nation’s calibration and may hand-carry a set of resistance standards
once or twice a year. Mexico, South Africa, Spain, and Taiwan are among those
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Fig. 1: The January 1, 1990 adjustment to the U.S. ohm.

planning or considering development of a QHR national resistance standard.

Survey

Interviews with representatives of major standards laboratories have helped to
develop the outline which the QHR RISP working group is preparing. Potential
users who participated in our survey included U.S. industrial and government
laboratories and non-U.S. national Taboratories. Most of the participants
expect to attain an accuracy of 0.1 ppm to 0.05 ppm in supporting 10 kQ
standard resistors. QHR laboratory personnel would spend about one to two
months using the system each year and the total operating cost for the QHR
facility would need to be less than $20 k per year. Initial costs are
approximately three to four times this yearly expenditure. QHR laboratories
would require fewer external quality control checks (resistor calibrations)
and the accuracy of maintained resistance units would not be affected by
changes in local standards due to transport. Thus, laboratories would have the
potential to achieve Tower overall uncertainties.

The survey also helps identify where sufficient need for the QHR standard
exists. A capability to scale between 1 Q and 10 kQ and achieve closure with
NIST calibrations to within 0.2 ppm or better indicates that the laboratory
has the needed technical resources to take advantage of a QHR standard. Many
of these laboratories are using or see a need for an on-site Josephson
junction (JJ) array standard to improve voltage calibrations. The JJ array
standard could also be used as a linearity standard, and could supply data to
improve the ratio accuracy of some instruments used in QHR scaling.
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QUANTIZED HALL RESISTANCE

Some technical specifications for the QHR (Ref. 2)

Sample Material: GaAs/GaAlAs heterostructure

Contacts: Source, drain, and two or three pairs of
Hall voltage pads

Source-drain current: | = 20 to 50 pA

Measurement temperature: T = 1.5 K or lower

Resistance correction due to temperature: Less
than 0.03 ppm

Magnetic flux density at i = 2 step: B =8 to 12 Tesla

Fig. 2

Measurement System

The most accurately measured QHR steps® have resistance values of 6453.20175 Q
and 12906.4035 Q and are called the i=4 and i=2 quantized Hall steps. A one-
to-one comparison to the step resistance requires using high quality wire-
wound resistors of nominally equal value. These resistors then can be used to
scale to 10 kQ with higher measurement currents than are recommended for
measurements of the QHR (see Fig. 2).

A straightforward measurement technique is called the DVM method>* and can be
used to scale directly to a high quality 10 kQ resistor. The measurement
apparatus consists of a very stable reversible current source and a very
linear DVM. This system would require checks on the DVM Tinearity using a JJ
array to achieve uncertainties of 0.05 ppm.

Conclusion

Intrinsic electrical standards have had an important effect on metrology by
reducing the need for international comparisons and providing a basis for
common international units of measurement. The local QHR standard would lower
the primary laboratories’ uncertainties in resistance calibrations, and the
the purpose of the QHR RISP is to guide the laboratories in its application.
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Figure 8 - Model plot of currents, for conditions similar to Figure 4

Figure 8 shows the three current traces, similar to the
current traces of Figure 4. The top trace is the applied surge,
1400 A, postulated according to Eq. (1) to match the current
involved in the measurement of Figure 4. Practically the same
peak values are obtained for the resulting currents, respectively
1300 A for the current in the arrester, l,, and 50 A for the
current in the downstream SPD, 1. (Note that to present the
‘hree traces on the same software-driven plot, the I trace is
«caled by a factor of five, to fit the 500 A/div versus 100 A/div
f the respective scales of Figure 4).

f

4 Other important factors

The objective of this paper, as stated in the introduction, is

nly to show how the dilemma of cascade coordination might be
ssulved by recourse o a gapped arrester at the service entrance.
¢ have shown that effective coordination becomes possible by
ippropriate selection of the limiting voltages of the varistors and
‘[ ithe gap sparkover characteristics. However, there are other
Lictors that will need to be addressed by designers before this
ipproach can be transitioned to viable hardware. We have not
itempted at this stage to study in detail all of these factors, but
-uggest the following list of topics for consideration.

These are familiar to arrester manufacturers and this list is
ot intended to tutor them, but simply to place the idea in
cerspective so that no false expectations are raised that an
mmediate and casy solution is already at hand. We will have
weomplished our purpose if the old idea is just given new
consideration. Among the topics to be studied, the following are
most important:

- Ability of the varistor to reduce the follow current to a level
that will allow the gap to clear at the first current zero — as
postulated.

Ahility of the varistor to conduct the follow current that the
power system can deliver at the point of installation.

- Ability of the gap to withstand the unavoidable power-
frequency overvoltages of the power system without going
into conduction and yet to have an acceptable sparkover
voltage.
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V. THE NEW OPPORTUNITY

The results of our experimental measurements, which can
be expanded by parametric modeling, show how a happy state
of affairs — an effective coordination of cascaded SPDs —
could be obtained by gapped arresters at the service entrance.
These arresters would combine the best of the two technologies,
gas tubes and metal-oxide varistors. This will not happen,
however, if the decision is not made to apply such a gapped
arrester. That decision must be made by utilities and installers.
In contrast, the de facto situation inside the building, imposed
by millions of installed appliances, is now hopelessly
immovable. Typically, when these appliances include a built-in
SPD or, when the end-user purchases and installs an add-on,
plug-in SPD, these SPDs are of the type with low limiting
voltage [5], resulting in difficult if not impossible coordination.

This very difficult coordination, however, should not be
construed as a recipe for disaster. The reality of the present
situation is that these low limiting voltage SPDs manage in
general to survive cven in the absence of a service entrance
arrester. As discussed earlier, this is not a desirable situation,
hence the proposals for whole-house surge protection. But if
the proposed service entrance arrester were designed to use a
simple varistor with ratings commensurate with utility practices,
it is most likely that the internal SPDs will “protect” the service
entrance arrester, which then serves no useful purpose and is a
waste of resources.  Furthermore, as more electronics and
equipment with low logic voltages are installed, the existing
practices may lose clfectiveness.

Standards or regulations cannot prescribe the particular type
of service entrance arrester (furthermore, the provision of a
service entrance arrester is required in only a few countries), so
the decision is left to the community of utilities, SPD
manufacturers and cnd-users.  The manufacturers would
probably respond to the need for gapped arresters if informed
system designers were to call back from retirement the ‘ancient’
gapped device and, with appropriate technology update, give the
old idea a new lease on life.

VI. CONCLUSIONS

I. The dilemma of coordinating a cascade of surge-protective
devices can be solved by providing a gapped arrester at the
service entrance, that will coordinate with the de facto
situation inside the building.

2. The need for a service-entrance arrester to withstand the
scenario of lost neutral can be satisfied by a gapped arrester
having sufficient maximum continuous operating voltage
capabhility.

3. Experimental verification of this coordination has been
demonstrated for typical branch circuit lengths and limiting
voltages applicable to the 120/240-V systems used in resi-
dential applications in North America. The same principles
can be applied to other power systems with appropriate
adaptation of voltage ratings and careful consideration of the
local grounding practices.
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4.

0.

The behavior of a complex system such as the interactions
between circuit impedances and the nonlinear characteristics
of surge-protective devices can be successfully modeled to
allow parametric studies.

. Other factors need attention, for which good engineering

practice applied by surge-protective device manufacturers can
provide adequate design.

While the idea appears sound, it cannot be implemented by
individual end-users. It will take an initiative by a centralized
organization, such as the utility serving the district, to
persuade manufacturers that a market opportunity exists to
which they can contribute.
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