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Abstract

The latest NIST results comparing the quantized Hall
resistance based on the value R£40 = 25 812.807 a with
the realization of the ohm in SI units obtained by direct
calculable-capacitormeasurements will be reported.

lDtroduc:tioa

Since Janwuy 1. 1990, the U.S. representation of the
ohm has been based on the quantum Hall effect in which
a resistance is related to the ratio of fundamental

constants h/eZ[1]. The qmmrizedHall resistance, RH' is
defined as the quotient of the Hall voltage VHof the ,.
plateau to the current / in the Hall device and is given by .

RHfi} - VHfi)// - Rr/i .

where the von Klitzing constant RK is believed to be
equal to h/eZ.and where i is an integer of the quantum
Hall state. The value of the U. S. representation of the
ohm is consisteot with the conve:otionalvalue of the von
Klitzing constant, i. e.,

R£40 = 2S812.807a ,

exactly, adopted internationally for use in representing
the ohm beginning January 1. 1990 [2]. This
conventional value is believed to be consistent with the
SI a to within 0.005 a which is the value assigned to
be the combined standard uncertainty, conesponding to
a relative \D1certainty of 0.2 ppm.

The last reported realization of the ohm using the NIST
calculable capacitor was presented at CPEM '88 [3]. At
that time, the NlST rqnescntation of the ohm was based
on the mean resistance of five Thomas-typewire-wound
resistors mllmtllmM in a 2S °C oil bath. The time-

dependence of the NlST lC}Jlescutationof the ohm was
determined using the quantum Hall effect and was also

reported at CPEM'88. Combiningthe resultsof these
NIST ohm-realization and quantized Hall resistance
measurements, the NlST value for the von Klitzing
constant was reported to be

RK=2S 812.807 23 (61) a ,

in good agreementwith the 1990 internationallyadopted
value[4].

Measurements

Comparison of the q111111ri7MHall resistance based on
RK-tOwith the NlST realization of the ohm in SI units is
accomplished via a transportable 1000 a resistor, hand
carried between two laboratories. A block diagram
indicating these two measurement sequences is shown in
Fig. 1. .

Fig. 1. Comparison of SI ohm and Rs .
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The measurement systems used to assign a value in SI
units to the transportable resistor using a 0.5 pF calculable
cross capacitor are ~any the same as reported earlier
[3]. However. improvements in reducing random effects
have provided the stability necessary for more accurately
evaluating systematic effects.

Several improvements in the quantized Hall resistance
apparatusandmeasurement systems have also 0CCUITedat
NIST sinceCPEM'88. A new high-field superconducting
magnet and 3He system have been installed near the
primary resistance cahDrationlaboratory. The magnet is
~gnM to provideafield in excess of 14.5 T at 4.2 K and
16.0T at 2 K. The cryosorb-pumped 3Heinsert provides
a sample temperature below 0.3 K with a hold time
approal'.hing 24 hours. Cxyogcoic current comparator
(CCC)resistm:e bridgesarcnowbeing used to link the RH
stepsof i =2 and i = 4 to the transportable 1000 Q resistor
or to the 1 Q reference bank [5]. This scaling is
ac:canplisbedvia an intennediatereference bank of 100 Q
resistoIs. With the use ofCCC bridges. the uncertainties
~AfM withresistancescaling are significantlyreduced
as contrasted to Hamon~ scaling. .

Although the 1 Q bank does not define the U. S.
representaIion of the ohm. it is still used to preserve the
unit between RR detenninaliODS.Measurements indicate
thatthe time dependence of the mean value of this bank is
notexactlylinear,consequently.periodic adjustmentof its
drift is necessary.

Conclusions

Results of this comparison will ensure that the ohm
based on the quantum Hall e1fcctis consistent with the
SI Q. It is important that the implementation of the U.
S. lCflleseirtationof the ohm be periodically verified by
an independent method such as the calculable capacitor
experiment. Furthermore. the results of this comparison
will provide data for the least-squares adjustment of the
11mdmneut~constants in 1995.
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