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Fig. 1. Three steps for identifying TEjsmode resonant
mode of to-be-measured sample.
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Table 1. Dimension and permittivity of references and

to-be-measured samples.

FeAl P HA&/mm JESE /mm &
R1 10.17 1.64 19.3
- R2 10.86 1.48 39.4
R3 10.75 1.49 77.2
R4 9.36 1.04 434
S1 12.03 6.51 2.79
$2 9.90 5.10 4.78
Gllinvsd S3 10.00 5.00 9.50
S4 10.12 4.67 19.4
S5 10.83 5.44 39.2
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Fig. 2. |9y as a function of frequency for to-be-measured
samples: (a) S1; (b) S2; (c) S3; (d) S4; (e) S5.
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Table 2.

for different reference/to-be-measured sample

Measured and calculated resonant frequencies
combina-

tions.
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PR (b) AR I AU B S2 B | Sy | BB R A 25 Ak

R3 S1 5.224 5.184 15.107 14.988 14.642
R3  S2 5.224 5.160 13.862 13.736 14.958
R3 83 5.224 5.067 10.216 10.158 10.360
R3 4 5.224 4.849 7.358 7.298 9.035
R3 S5 5.224 4.217 4.830 4.800 8.376
R1 82 10.046 9.498 13.807 13.736 14.958
R2 S2 7.215 7.028 13.789 13.736 14.958
R4 82 2.760 2.752 13.830 13.736 14.958

Fig. 3. (a) TEjs-mode resonant peaks for R3 and R3 + S2
in the cavity; (b) |Sy| as a function of frequency for only
S2 in the cavity.
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SPECIAL TOPIC—Dielectric materials and physics

A new method for identifying TE,;s mode during microwave
dielectric measurements of low-loss materials”

Li Leit Yan Han  Chen Xiang-Ming

(School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027, China)
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Abstract

The metal resonant cavity method working with TEj; mode is a universal method for evaluating the
microwave dielectric properties of low-loss materials. All the microwave dielectric resonators are multi-mode
resonators, so the correct identification of TEys mode is the basis for the microwave dielectric measurements.
The TEy5 mode can be identified by predicting the resonant frequency and its variation with resonator size,
expelling the spurious modes according to the exciting conditions, etc., while these methods are relatively
complex and sometimes unreliable. In the present work, a simple method for accurately identifying the TEgs
mode is developed. A low-loss reference sample with known dielectric properties is introduced and placed in the
cavity for the first step, and the to-be-measured sample is placed on the reference sample for the second step.
The rough permittivity of the to-be-measured sample can be calculated from the TEysmode resonant
frequencies in the two steps through the finite element analysis, and is used to predict the resonant frequency
for TEy s mode when only the to-be-measured sample is placed in the cavity. The difference between the
predicted and measured TE(;s-mode resonant frequencies for the to-be-measured sample is less than 1%, so that

the TE(s mode can be easily distinguished from the spurious modes and accurately identified.

Keywords: microwave dielectric measurement, TEq 5 mode, mode identification, finite element analysis

PACS: 84.37.+q, 77.22.—d DOI: 10.7498/aps.69.20200275

* Project supported by the National Key R&D Program of China (Grant No. 2017YFB0406301).

1 Corresponding author. E-mail: zjulilei@zju.edu.cn

128401-6


http://doi.org/10.1021/acssuschemeng.7b03889
http://doi.org/10.1021/acssuschemeng.7b03889
http://doi.org/10.1021/acssuschemeng.7b03889
http://doi.org/10.1021/acssuschemeng.7b03889
http://doi.org/10.1111/jace.15924
http://doi.org/10.1111/jace.15924
http://doi.org/10.1111/jace.15924
http://doi.org/10.1111/jace.15924
http://doi.org/10.1063/1.2775091
http://doi.org/10.1063/1.2775091
http://doi.org/10.1063/1.2775091
http://doi.org/10.1063/1.2775091
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1063/1.3698627
http://doi.org/10.1063/1.3698627
http://doi.org/10.1063/1.3698627
http://doi.org/10.1063/1.3698627
http://doi.org/10.1063/1.4828795
http://doi.org/10.1063/1.4828795
http://doi.org/10.1063/1.4828795
http://doi.org/10.1063/1.4828795
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1111/j.1551-2916.2009.03216.x
http://doi.org/10.1111/j.1551-2916.2009.03216.x
http://doi.org/10.1111/j.1551-2916.2009.03216.x
http://doi.org/10.1111/j.1551-2916.2009.03216.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1063/1.4875581
http://doi.org/10.1063/1.4875581
http://doi.org/10.1063/1.4875581
http://doi.org/10.1063/1.4875581
http://doi.org/10.1016/j.jmat.2020.02.006
http://doi.org/10.1016/j.jmat.2020.02.006
http://doi.org/10.1016/j.jmat.2020.02.006
http://doi.org/10.1016/j.jmat.2020.02.006
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1021/acssuschemeng.7b03889
http://doi.org/10.1021/acssuschemeng.7b03889
http://doi.org/10.1021/acssuschemeng.7b03889
http://doi.org/10.1021/acssuschemeng.7b03889
http://doi.org/10.1111/jace.15924
http://doi.org/10.1111/jace.15924
http://doi.org/10.1111/jace.15924
http://doi.org/10.1111/jace.15924
http://doi.org/10.1063/1.2775091
http://doi.org/10.1063/1.2775091
http://doi.org/10.1063/1.2775091
http://doi.org/10.1063/1.2775091
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1063/1.3698627
http://doi.org/10.1063/1.3698627
http://doi.org/10.1063/1.3698627
http://doi.org/10.1063/1.3698627
http://doi.org/10.1063/1.4828795
http://doi.org/10.1063/1.4828795
http://doi.org/10.1063/1.4828795
http://doi.org/10.1063/1.4828795
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1111/j.1551-2916.2009.03216.x
http://doi.org/10.1111/j.1551-2916.2009.03216.x
http://doi.org/10.1111/j.1551-2916.2009.03216.x
http://doi.org/10.1111/j.1551-2916.2009.03216.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1063/1.4875581
http://doi.org/10.1063/1.4875581
http://doi.org/10.1063/1.4875581
http://doi.org/10.1063/1.4875581
http://doi.org/10.1016/j.jmat.2020.02.006
http://doi.org/10.1016/j.jmat.2020.02.006
http://doi.org/10.1016/j.jmat.2020.02.006
http://doi.org/10.1016/j.jmat.2020.02.006
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1021/acssuschemeng.7b03889
http://doi.org/10.1021/acssuschemeng.7b03889
http://doi.org/10.1021/acssuschemeng.7b03889
http://doi.org/10.1021/acssuschemeng.7b03889
http://doi.org/10.1111/jace.15924
http://doi.org/10.1111/jace.15924
http://doi.org/10.1111/jace.15924
http://doi.org/10.1111/jace.15924
http://doi.org/10.1063/1.2775091
http://doi.org/10.1063/1.2775091
http://doi.org/10.1063/1.2775091
http://doi.org/10.1063/1.2775091
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1063/1.3698627
http://doi.org/10.1063/1.3698627
http://doi.org/10.1063/1.3698627
http://doi.org/10.1063/1.3698627
http://doi.org/10.1063/1.4828795
http://doi.org/10.1063/1.4828795
http://doi.org/10.1063/1.4828795
http://doi.org/10.1063/1.4828795
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1111/j.1551-2916.2009.03216.x
http://doi.org/10.1111/j.1551-2916.2009.03216.x
http://doi.org/10.1111/j.1551-2916.2009.03216.x
http://doi.org/10.1111/j.1551-2916.2009.03216.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1063/1.4875581
http://doi.org/10.1063/1.4875581
http://doi.org/10.1063/1.4875581
http://doi.org/10.1063/1.4875581
http://doi.org/10.1016/j.jmat.2020.02.006
http://doi.org/10.1016/j.jmat.2020.02.006
http://doi.org/10.1016/j.jmat.2020.02.006
http://doi.org/10.1016/j.jmat.2020.02.006
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1021/acssuschemeng.7b03889
http://doi.org/10.1021/acssuschemeng.7b03889
http://doi.org/10.1021/acssuschemeng.7b03889
http://doi.org/10.1021/acssuschemeng.7b03889
http://doi.org/10.1111/jace.15924
http://doi.org/10.1111/jace.15924
http://doi.org/10.1111/jace.15924
http://doi.org/10.1111/jace.15924
http://doi.org/10.1063/1.2775091
http://doi.org/10.1063/1.2775091
http://doi.org/10.1063/1.2775091
http://doi.org/10.1063/1.2775091
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1111/j.1551-2916.2011.04871.x
http://doi.org/10.1063/1.3698627
http://doi.org/10.1063/1.3698627
http://doi.org/10.1063/1.3698627
http://doi.org/10.1063/1.3698627
http://doi.org/10.1063/1.4828795
http://doi.org/10.1063/1.4828795
http://doi.org/10.1063/1.4828795
http://doi.org/10.1063/1.4828795
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1016/j.materresbull.2015.01.013
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1088/0957-0233/10/5/308
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1049/ip-h-2.1985.0002
http://doi.org/10.1111/j.1551-2916.2009.03216.x
http://doi.org/10.1111/j.1551-2916.2009.03216.x
http://doi.org/10.1111/j.1551-2916.2009.03216.x
http://doi.org/10.1111/j.1551-2916.2009.03216.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1111/j.1151-2916.1974.tb11380.x
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1016/S0921-5093(02)00393-3
http://doi.org/10.1063/1.4875581
http://doi.org/10.1063/1.4875581
http://doi.org/10.1063/1.4875581
http://doi.org/10.1063/1.4875581
http://doi.org/10.1016/j.jmat.2020.02.006
http://doi.org/10.1016/j.jmat.2020.02.006
http://doi.org/10.1016/j.jmat.2020.02.006
http://doi.org/10.1016/j.jmat.2020.02.006
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.1016/j.jallcom.2018.10.004
http://doi.org/10.7498/aps.69.20200275
mailto:zjulilei@zju.edu.cn
mailto:zjulilei@zju.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

