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Abstract

Recently, Zener voltage references have used as high quality secondary voltage standards. In some
advanced industrial laboratories that do not have Josephson standards, the Zener voltage references are
employed as the traveling standards for maintaining the values calibrated by using Josephson standards at
National Metrology Institute of Japan (NMIJ) or as primary reference standards for calibrating many
voltmeters, digital multi meters, and so on.

The four Zener voltage references (Fluke 732B) belonging to the NMIJ have been housed in a box which is
termed an “up-graded box”. This box needs to obtaine higher insulation resistance of the Zener voltage
references and to measure the Zener voltage references with the computer-controlled systems.

To measure high insulation resistances of the traveling standards, a high-resistance bridge based on
principle of Y-A conversion was designed at the NMIJ. By this bridge, it defined that the Zener voltage
references using up-graded box have approximately three times as higher insulation resistances as only the
Zener voltage references. The insulation resistances of four Zener voltage references by this improvement
were enhanced from 0.7 TQ to about 2 T Q. At the same time, a type B standard uncertainty which is caused
by the insulation resistances could be reduced to 1/3.

It is desired that these Zener voltage references show no change of values with different environmental
conditions. However, it was found that output voltages of the Zener voltage references actually change
according to the change in ambient relative humidity, temperature and pressure. Therefore, it is very
important to specify variations of the output voltages due to environmental factors.

We performed a study to evaluate the behavior relative to the environmental changes of the 1.018V and
10V output voltages of four Zener voltage references. Consequently, it defined individual environmental
characteristic to use Zener voltage references as the traveling standards in DC voltage standards. At present,
the NMIJ is preparing to contribute these Zener voltage references for the skill testing. National Institute of
Technology and Evaluation (NITE) also will employ four Zener voltage references for many industries.

Correlations between output voltages of four Zener voltage standards and environmental factors of relative
humidity, temperature and pressure were measured at the NMI]J. Four Zener voltage references found to have
negligible small humidity dependence, the temperature and pressure dependence was of order of -0.01 ppm/K
and of 0.002 ppm/hPa respectively. The above measurement results enabled us to apply corrections when
used the Zener voltage standards as the traveling standards for comparing voltage standards between the

NMIJ and industries having different environmental conditions.
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