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Uncertainty Analysis and Compensation of the Cell for
Permittivity Measurement of Solid Materiais
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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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Table 1. Dielectric constant of SRMs.
EFEd 49 #4&
KLR-1.1 4.008 + 0.012

7.462 + 0.015

NIST SRM774
(746 + 0.05)
ALOs 9.69 + 0.02
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Table 2. Thickness and parallelism of SRMs.

EFEANE T/
SEEF | NSt
— [¢)
cgM 774 | KLR-LL [ALOs 97 %
1 1038 | 114 | 0999
2 1039 | 1116 1,000
3 1039 | L6 | 0997
4 1039 | 1116 1,000
5 1039 | 115 1.000
6(FA4W) | 1036 | L1122 1.002
37 10383 | L1165 | 09997
TE=E]
Gy | 0001z | 00028 | 00016

A6 AHEH 7 E
Abell A 718 Ultra-precision capacitance meter
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Table 3. Measurement results of 3 kind SRMs
using the commercialized test cell for

=
=

Permittivity.
SRM FEHE A

L. |eRg|zan| 09| ..

& D @ <100, % REEHEAL
KLR-1.1| 4.01 3.69 7.98 0.022
SRM774| 746 | 6.23 165 0.031

AlOs | 969 | 754 222 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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Fig. 3. Fabricated 3-electrodes system for
verification of the results.
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Table 4. Measurement results of 3 kind SRMs
using the fabricated test cell for
verification.

SRM a7 A A=
== g | FAHH |[(O-B)/D Tz
D ® x100, %
KLR-1.1| 4.01 3.69 7.98 0.022
SRM774| 7.46 6.28 15.8 0.025
AlOs 9.69 7.64 21.2 0.056

Measurement errors, %
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Fig. 4. Comparison
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results measured by
Fabricated 3-electrodes system for verifi-
cation of the results and commercialized

test cell.
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