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Abstract—Several types of commercial 10@2 resistors can be
used with the cryogenic current comparator to maintain the resis- 1 f
tance unit, derived from the quantized Hall effect (QHE), and to i &
disseminate this unit to laboratory resistance standards. Up until
now, the transport behavior of these resistors has not been investi-
gated. Such an investigation is of importance for carrying out com-
parisons that are close to the level of a direct comparison of two
QHE apparatuses. A set of five 1002 resistors from three different
manufacturers has been sent to 11 participating national metro-
logical institutes. All laboratories but one have measured the re-
sistors based on their laboratory’s quantized Hall resistance mea-
surements. A constant drift model has been applied, and the results #
are evaluated in such a way that the transport properties of these 1 J ‘
resistors are treated independently for the different types of re- - °
sistor. Under certain conditions, these resistors allow comparisons o
with uncertainties better than 1 part in 10°. 1510.1997 15041998 15101998 15.04.1999 15.10.1999  1504.2000

4 1 1107 aia

resistance value
]

Index Terms—Cryogenic electronics, Hall effect, resistance mea- date

surement, resistors, transfer standard.
Fig. 1. Measurements of resistor Tinsley Ser. no. 262 767 during EUROMET
project 435. The different marks refer to different NMis.

. INTRODUCTION

N INCREASING number of national metrologicaIObtain the smallest possible uncertainties for these compar-

institutes (NMIs) maintain the unit of resistance basdd°NS: @ transportable quantized Hall effect (QHE) apparatus
on the quantum Hall effect. In the resistance-scaling proc been used by the Bureau International de Poids et Mesures

linking the quantized Hall resistance to decade value resistdfg!PM) [1-[3]. This way of verifying QHE measurements and
the smallest uncertainties can be obtained using a cryogeff@/ing is much more complex and expensive than traditional
current comparator (CCC) and a 100standard resistor. These!Nterlaboratory comparison methods. _
uncertainties are typically on the order of 1 partlie. The  1N€ classical way to perform comparisons between the dif-

consistency of the realizations at the different NMIs has to fig"ent NMIs is to circulate high-precision standard resistors.

checked by international comparisons. Recently, in order A prerequisite is t.hat these resistors have a traqspprt bghawor
that does not dominate the measurement uncertainties. Since the
QHE was made the international basis of the unit of resistance
in 1990, only one world-wide comparison between the NMIs
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Fig. 2. Differencemocp as determined by the use of the OCD model by Frenkel between pilot laboratory and the different participants.

the resistance values of standard resistors exhibit a dependaap@y this model to the present case, each loop is divided into
on the transport conditions, i.e., changes of the ambient temp&ingle quasibilateral comparisons, using only the measurements
ature canresultin irreproducible resistance changes [5]-[8]. FdPTB before and after the loop and comparing the results with
this reason, resistors have—in most cases—been hand carrmer single participant. Unfortunately, this model was not appli-
In this project, the resistors were intentionally shipped to theable in the present case for two reasons. First, the sequence of
participating NMIs using commercial carriers. During transponmeasurements is not symmetrical and the measured drift rates at
the ambient temperature was not controlled, but was monitorétk pilot laboratory and at the participant laboratory are, in some
At the NMls, the resistors were calibrated against a resistargases, quite different. This makes the evaluation highly sensitive

standard based on the QHE. to the choice of the common date. Second, not all laboratories
reported a sufficient number of data to fit a linear regression.
Il. MEASUREMENTS ANDRESULTS The best overall analysis of results in this study was obtained

- uz?ing the OCD model. This model is justified by the fact that
Because of the large number of participants, the transporttﬁe drift rates determined for the artefacts are in good agreement
the resistors from PTB to the different NMIs and back was aj- g 9

ranged in four loops. In each loop, 2—4 NMis were includséor a certain number of laboratories. In this model, a linear re-

L : : ression is fitted to the results of the pilot laboratory and the
Seven of the participating laboratories used a cryogenic cur- ... . . .
. artjcipant’s results with the same slope. Since these results do
rent comparator, two used a Josephson potentiometer, one Used. ; o o
. it to the same line, an additional parameteis introduced,
a Hamon network, and one laboratory intended to use a C

bridge, but due to a system failure, it had to use a conventio |¢?Id|ng two paraliel lines with spacing:. This parameter in-

measurement system traceable to the BIPM. Sending five reé@—des both a possible shift of the standard, and a possible dif-

) . . L rence between the pilot and the participant. This analysis also
tors in four loops to 11 participants, allowing each participan ; ; ) .
ields estimates for the uncertainty associated with:(m).
three weeks of measurements, leads to a large amount of d

The combined measurement results for one resistor are shown contributions to the combined uncertainty, given by
in Fig. 1. As can be seen, the resistance value changes with time
and this drift has some scatter superimposed on it. This observed
scatter is thought to arise from two main sources: the transport . , . .
behavior of the resistor and the quality of the measurementsdf the parhmpant_s Iaborato_ry uncertainty, and the pilot
the participant. In order to judge the transport behavior, itis nelgrboratory unc_ertalntyopﬂot. F '9. 2 shows the differences
essary to find a way to separate the effects. A recent article ¥} h the a§SOC|ated uncertaintiég,, = k - ot (5 = 2) for
Frenkel [9] gives a method of treating artefact transport daf¥’ f'Ve. resistors. . A

For the evaluation of comparisons, he describes three modeléé‘ disadvantage of the OCD model is the inability to separate

deviation from fit to pilot (DFP), overall constant drift (OCD) a transport-induced shift in the resistance of the artefact from a
and separately fitted lines (SFI:) "difference in the resistance standard maintained by the relevant

The SFL model appears to be best suited to obtaining infgpPoratory. To overcome this disadvantage, itis assumed that all
mation about the transport behavior of the resistors. This modgrticipating laboratories gave the best estimate for the values of

assumes a symmetric sequence of measurements, laboratof s_ﬂstance. That means the observed differencase only due

laboratory 2, and laboratory 1 again. In this case, alinear regr& 'grénsportgt_i(_)n effects. To reduce the influence_z of the measure-
sion is fitted to each set of results, and from the extrapolati ent capabilities, the weighted medfiy of the differencesn

to a common date a differenee and a stegh can be calcu- of the individual resistors is calculated, using; as weight
lated. This differencen then is related to the difference in the S L
realization of the physical unit in laboratory 1 and laboratory My = uml

2, andh is a measure of irreversible changes in the artefact. To >w ,

_ 2 2 2
Utor = \/UP (M) + upyy, + Uy
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TABLE |
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WEIGHTED MEAN M1y, OF THE DIFFERENCEm WITH ASSOCIATEDUNCERTAINTY U ( My ) AND MODIFIED WEIGHTED MEAN M{,, WITH CORRESPONDING
UNCERTAINTY U (M7, ) WHERE OUTLIERS ARE DISREGARDED ALL VALUES ARE IN 1€/}

resistor My UMw) My UMW)
*k=2) *k=2)
Tinsley #919 5.1 35 -0.7 4.2
Tinsley #767 5.1 2.8 22 3.1
TEGAM #397 14.8 3.1 -14 4.1
ZIP #015 39.1 11.0 -14 17.0
ZIP #016 27.5 16.0 -25.2 22.0

If the resistors were to show no transportation effects, then ttidference between the monitored ambient temperature during
weighted mean would be expected to be zero. The results aensport and the normal measuring temperature. The analysis
listed in Table |, and as can be seen, the weighted mean shafvsesults submitted by the participating NMIs shows that two
a significant positive offset. There was no evidence that tloé the three types of 10Q- standard resistors behave as well
maintained unit of resistance in the pilot laboratory had shifteds the best 12 and 10-I standard resistors. These resistors

Hence, in order to find a possible explanation, a quarijts
defined as follows:

m

can be used to compare QHR systems with uncertainties of
better than one part in0% (k = 2), even when they are nei-
ther hand-carried nor transported in a temperature-controlled
enclosure.

Q=

[ 2 2
3- Uiab + U’pilot

If @ > 1, the difference between each laboratory and the pilot
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During transport, the ambient temperature of the resistors has
been monitored. This additional information can be used to find
some correlation between temperature and shift in value. Inq1]
deed, it turns out that in all cases whépe> 1, the monitored
temperature of the resistors during transport departed from th ]
reference temperature range from°ZDto 23°C by more than
+5 °C. Using this information, a modified weighted me&fj;,
is calculated for which those results with> 1 are disregarded.
For three of the five resistors ,this modified weighted ma#p
is practically zero within a combined expanded uncertainty of [4]
5 x 1072 (k = 2). For the other two resistors, the results are
also slightly improved, but the combined expanded uncertaintyys)
is larger by a factor of four. This is mainly due to the fact that
these resistors show a strong exponential decay after transpo é]
and need about two months to reach their established drift rate.
This makes a distinct determination-af difficult.

(3]

(71

lll. CONCLUSION -
8
The transport behavior of new types of 1Q0standard

resistors has been investigated. There is clear evidence that
during transport, there are sometimes irreproducible changes i
the value of the resistors. These changes are correlated with the
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