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Abstract 
This paper presents the calibration system of the Japan Calibration Service System (JCSS) for the 
capacitance standard. The capacitance standard in Japan Electric Meters Inspection Corporation 
(JEMIC) is maintained using a 100 pF capacitor and is supplied by the National Metrology 
Institute of Japan, National Institute of Advanced Industrial Science and Technology 
(NMIJ/AIST). Furthermore, the capacitance standard is extended from 10 pF to 10 µF using a 
high-precision transformer bridge (10:1 ratio) based on the 100 pF capacitor. The best 
measurement capability (BMC) is 0.73 µF/F (k = 2) at 100 pF and 1 kHz. 
 
1. Introduction 
JEMIC, an organization, was established in 1965 on the basis of the Japan Electric Meters 
Inspection Corporation Law, fulfils the role of a public intermediate calibration organization on 
behalf of the government as regards the calibration of electrical standards for direct current and 
low frequency. Furthermore, JEMIC has nine laboratories all over the country, which are 
performing the calibration services for respective territories by receiving the supply of standards 
from the head office of JEMIC. 
 
Nowadays, we have been performing the calibration of about 50,000 measuring instruments a 
year in the fields of electrical quantities, temperature, and photometry. In addition, JEMIC has 
maintained two types of calibration services: JCSS calibration, which is the domestic traceability 
system established under the Measurement Law, and JEMIC calibration based on JEMIC’s 
original standard traced from the national standard. On the other hand, in order to satisfy the 
demand for calibration of a wide range from the industry, the national primary standard for 
capacitance maintained by NMIJ is extended in JCSS-accredited calibration laboratories.  
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In this paper, the details of the extending method and calibration service for capacitance are 
described. The capacitance of a 100 pF capacitor is calibrated at a frequency of 1 kHz with an 
expanded uncertainty of 0.73 µF/F (k = 2).  
 
2. Traceability system 
Table 1 shows the calibration range of the 
capacitance in JEMIC. The calibration of 
about 400 capacitors a year is performed 
on the coloring range (at capacitances 
ranging from 1 pF to 1 F and at 
frequencies ranging from 50 Hz to 1 MHz) 
in Table 1. The calibration range under 
JCSS is from 1 pF to 10 µF at 1 kHz, 
shown in the slanted line in Table 1. 
 
The traceability system under JCSS is 
shown in Fig. 1. The secondary standard 
for capacitance is a 100 pF fused-silica 

Table 1  Calibration range 
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Fig. 1   Traceability system 
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capacitor (ANDEEN-HAGERLING 11A) which is calibrated by NMIJ at 1.592 kHz (angular 
frequency of ω = 104 rad/s). Furthermore, the working standard (WS) capacitor from 10 pF to 10 
µF is extended using a high-precision 
transformer bridge based on a 100 pF 
capacitor. The WS capacitor is a 
coaxial-type fused-silica capacitor with 
two-terminal structure or a ceramic 
capacitor with four-terminal structures.  
 
BMC is 0.73 µF/F (k = 2) at 100 pF and 1 
kHz. On the other hand, in order to satisfy 
the demand for low-cost calibration from 
the industry, an auto calibration system 
that combines an LCR meter with a 
coaxial scanner was constructed. Its BMC 
is 70 µF/F (k = 2) at 1 kHz. Table 2 
summarizes the BMC in each rating. The laboratory environment is controlled at a temperature of 
23 ˚C ± 1 ˚C and a humidity of 55 % ± 5 %. 

 
3. Extension of capacitance ranging 
The capacitance standard of 10, 100, and 1000 pF is extended using a high-precision transformer 
bridge [1] developed in JEMIC on the basis of 100 pF. The bridge is a transformer bridge with a 
10: 1 fixed ratio. A circuit diagram is shown in Fig. 2. T2, with the principle of a two-stage 
transformer, acts as a standard for a 10: 1 ratio. Furthermore, because T1 serves as an earthing 
device along with Z1 and Z2, T2 is not affected by earth impedance. In other words, except for the 
parallel admittance between windings, T2 is not affected. Because a correct ratio of T2 is 
transferred to T1 by adjusting Z1 and Z2, a high-precision transformer bridge can be obtained.  
 
The capacitance standard of 0.01, 0.1, 1, and 10 µF is extended using a high-precision four 
terminal-pair capacitance bridge (produced by SunJEM Co., Ltd) [2] designed in NMIJ on the 
basis of 1000 pF. Its bridge is a coaxial-type transformer bridge with a 10: 1 fixed ratio using the 
principle of the Kelvin double bridge. A circuit diagram is shown in Fig. 3. Because the 
transformer used as the standard of the voltage ratio of this bridge has the structure of a two-stage 
transformer, the influence of the voltage drop of the cable connected with the transformer can be 
neglected. This bridge is equipped with an adjustable current source so that the current does not 
flow through the principal winding. Under this condition, a definition point of the impedance in 
the four terminal-pair method is fixed using this electric current source, and a 10:1 impedance 
ratio is measured. The combining network is used to exclude the influence of impedance sources 

Table 2  Best measurement capability 

Nominal value Expanded uncertainty
(k =2)

10 µF 80 µF/F

1 µF 75 µF/F

0.1 µF 70 µF/F

0.01 µF 70 µF/F

1000 pF 0.79 µF/F

100 pF 0.73 µF/F

10 pF 0.79 µF/F

1 pF 1.1 µF/F
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such as cables used for connecting C1 and C10 in series, and high-precision calibration can be 
achieved.  

C 1
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Fig. 2   Circuit diagram of high-precision transformer bridge 
 

Fig. 3   Circuit diagram of high-precision four terminal-pair capacitance bridge 
 

Source Transformer

Combining
Network

C 10

Lp10Hp10

Hc10 Lc10

C 1

Hp1

Hc1

Lp1

Lc1

V 0 = 0
∆V

V 10

V 1

D

V  source

R adj

∆V  j



2006 NCSL International Workshop and Symposium 

4. Calibration Service 
The high-precision calibration service is 
achieved using the standard fused-silica 
capacitors of 10 pF and 100 pF 
capacitance and a high-precision 
transformer bridge of 10: 1 ratio for unit 
under tests (UUTs) of 1, 10, 100, and 1000 
pF capacitance.  
 
A low-cost calibration is achieved by the 
substitution measurement method[3] for a 
ratio of 1:1 using the standard ceramic 
capacitor of the same ratings as UUT, an 
LCR meter (Agilent Technologies 4284A), 
and a coaxial scanner (SunJEM 6022A) 
for UUTs of 100 and 1000 pF, and 0.01, 
0.1, 1, and 10 µF capacitance. Fig. 4 
shows the connected circuit. The LCR 
meter has the structure of a coaxial 
terminal and can be automatically controlled using GPIB. The coaxial scanner with six output 
terminals consists of the coaxial relay of 
four terminal-pair, which can be used to 
measure five capacitors of the same 
ratings at the same time.  
 
Table 3 shows an example of the 
uncertainty budgets (0.01 µF), and shows 
an example of calibrating a UUT of the 
same terminal structure as a standard 
capacitor by the substitution measurement 
method. If the capacitance values of the 
standard capacitor and the UUT have a 
large difference, the span error and the vector rotation error in Table 3 must be considered. The 
sources of uncertainty are the repeatability of measurements, the uncertainty of the standard 
capacitor, and the uncertainty of substitution measurement (caused by 4284A and 6022A). If a 
UUT with a terminal structure different from that of a standard capacitor is calibrated, it is 

Fig. 4  Connected circuit for LCR meter and  
coaxial scanner 

  Table 3  Uncertainty budget of 0.01 µF   
capacitor at 1 kHz 

type

A     2
 30.2

B    6.5
B    6.0
B    0.6
B  28.9

    9.1
   7.1

Span error B    0
Vector rotation error B    0
Resolution for WS B 2.9
Resolution for UUT B 2.9
Changing status B 5.8

B    5.8
    0

B    0
B    0

Standard uncertainty
( µF / F )

Source of uncertainty

Standard capacitor (0.01 µF)

70
Adopted uncertainty  ( µF / F )

Repeatability (10 data)

Substitution measurement

Combined standard uncertainty
Expanded uncertainty (k =2)   ( µF / F )

LCR meter (4284A)

   Coaxial scanner（6022A）

Calibration
Temperature drift
Voltage 
Long-term stability (year)

63.2

Adapter
Leakage inductance
Stray capacitance

31.6
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necessary to evaluate the uncertainty caused by the correction of an adapter. Because the greatest 
source of uncertainty in this budget is the uncertainty caused by the long-term stability of the 
standard capacitor, a smaller uncertainty will be obtained using an excellent standard capacitor in 
terms of long-term stability. 

 
5. Conclusion 
The calibration system for the capacitance standard in JEMIC was presented in this paper. 
 
The expanded uncertainty at 100 pF is estimated to be 0.73 µF/F (k = 2). On the other hand, the 
calibration uncertainty using the LCR meter with a coaxial scanner is estimated to be 70 µF/F (k 
= 2) at 1 kHz. 
 
In the near future, the JCSS calibration will be performed in all the ranges shown in Fig. 1 in 
JEMIC. Also, the calibration work will be efficiently executed, and lower-cost service will be 
provided. 
 
Acknowledgement 
The author would like to thank Dr. Y. Nakamura, A. Yonenaga, A. Domae of NMIJ and Y. Ichikawa of SunJEM 

Co., Ltd. for their helpful suggestions. 

 
References 
1. A. Igarashi, “High Precision Capacitance Comparator for Maintenance of Capacitance 
Standard”, JEMIC Technical Report, Vol.10, No.3, pp.127-134, 1975 
2. A. Domae and Y. Nakamura “Calibration of Standard Capacitors of 0.01-1 µF at NMIJ/AIST”, 
CPEM 2004 Conference Digest (2004) 
3. A. Yonenaga and Y. Nakamura “Inductance of Calibration Method Using a Commercial LCR 
Meter”, CPEM 2004 Conference Digest (2004)  
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


