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Uncertainty Analysis and Compensation of the Cell for
Permittivity Measurement of Solid Materials
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Abstract

The commercial parallel plate electrodes system with guard-ring electrode have been widely used for
measurement of dielectric constants of solid materials. And the specification of the electrodes system is
about 1 % of measurement uncertainty. This measurement uncertainty is only estimated the error come
from mechanical measurements such as the area of the electrodes and the gap between the electrodes
except the error come from the air gap between the electrodes and dielectric specimen. Because it is
impossible to measure the air gap. This study analyze the total measurement uncertainties of the
commercial dielectric constant test cell using 3 kinds of Standard Reference Materials. As a results, the
total measurement uncertainty is much bigger than 1 % and the most of the uncertainty can be
reduced by compensation of the error values evaluated in this study.
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Fig. 1. Structure of commercialized dielectric
test cell assemble.
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Al8d 3% F48& EFAEE 47 KLR-11,
NIST SRM774, ALOzel™, A& 60 mm, F7 1
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Table 1. Dielectric constant of SRMs.

284 248 24
KLR-1.1 4.008 + 0.012
NIST SRM774 7462 £ 0015
(746 = 005)

AlOs 9.69 + 0.02
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Table 2. Thickness and parallelism of SRMs.

EEANE FFH
435 NIST
— Q
SRM 774 KLR-1.1 |ALLOs 97 %
1 1.038 1.114 0.999
2 1.039 1.116 1.000
3 1.039 1.116 0.997
4 1.039 1.116 1.000
5 1.039 1.115 1.000
6(F4F) 1.036 1.122 1.002
A 1.0383 1.1165 0.9997
e
(k=1) 0.0012 0.0028 0.0016
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Table 3. Measurement results of 3 kind SRMs
using the commercialized test cell for
Permittivity.

SRM FESE A=
= |TRE|ZFAZ | (O-QVD e
ST D ® <100, % =¥
KLR-1.1| 4.01 3.69 7.98 0.022
SRM774| 746 6.23 16.5 0.031
AlOs 9.69 7.54 22.2 0.057
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Fig. 2. Graph of the difference values between
the values of SRMs and the measured

values by test cell.
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Table 4. Measurement results of 3 kind SRMs
using the fabricated test cell for
verification.

SRM A7 Ad H=

== | AL AR | (O-Q)/D
e o) ® x100, %

KLR-11| 4.01 3.69 7.98 0.022

< ARE 5024 =74

EEUR

SRM774| 7.46 6.28 15.8 0.025

AlOs 9.69 7.64 212 0.056
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Fig. 4. Comparison results measured by

Fabricated 3~electrodes system for verifi-

cation of the results and commercialized

test cell. '
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