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A survey on sub-milligram range mass standards

Masashi KOMORI

Abstract

In mass metrology, demand for mass measurements in the sub-milligram range, that is, under 1 mg, is in-
creasing. However, mass standards in this range are not disseminated. In this survey, therefore, the system of
supplying small mass standards is investigated, and two main problems in supplying the mass standards in the
sub-milligram range are identified. One is the accumulation of uncertainty due to repetition of the subdivision
process, and the other is the limitation in the stability of small weights. The survey also reports the present
state of small mass measurements in industry. There are many fields which demand sub-milligram mass stan-
dards, for example, drug development, nanotechnology, and molecular biology. In addition, the survey sum-
marizes the efforts for realizing the sub-milligram range mass standards made by other National Metrology
Institutes. In conclusion, it was found that key technologies of supplying the sub-milligram mass standards are
the development of weights made of materials other than stainless steel and the technology of realizing the new

definition of the kilogram, such as small mass standards realized by the voltage-balance method.
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(figure 4 to 9 are reproduced with permission of the BIPM, which retains full internationally protected copyright.)
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Error bars express
106 4 the combined )

standard uncertainty
NML(AU)-1989
PTB(DE)-1991

Relative combined
NIST(US)-1998 —e— standard uncertainty
NIST(US)-2007 - 3.6 x 1078
CODATA-2006 -
METAS(SW)-2011 Data from IAC Project "
IAC-2011 o <—involving NMIJ 30 X 10
NPL(UK)-2012 —
CODATA-2010 e 44 x 108
NRC(CA)-2014 " 1.8 x 1078
NIST(US)-2014 o 45 x 108
6.626055  6.626060  6.626065  6.626070  6.626075  6.626080

Planck constant 2/ (1034 J s)
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