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Permittivity measurement of microwave dielectric ceramics
using shielded-cavity method

Wang Yi, Zhang Cuicui, Wang Jianzhong, He Bin, Han Yuqiang

(Metrology and Testing Center, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: A shielded cylinder microwave resonant cavity is adopted to realize the precise measurement of permittivity of microwave
dielectric ceramics and other kinds of low and medium loss materials, the mode-matching technique is employed to realize the precise
solution of the electromagnetic field in the cavity under dielectric-loading condition, and the rigorous relationship between the cavity
resonant frequency and material permittivity is obtained. The measurement results of various typical dielectric materials and the test data
compared with those of several other methods show that compared with traditional methods, the proposed method achieves higher
measurement accuracy with an estimated uncertainty as low as 0. 1% ; and the permittivity measurement range is extended wider. This
method can not only measure the microwave dielectric ceramics with high permittivity, but also measure the low permittivity materials
such as cross-linked polystyrene, teflon and etc. Furthermore, as the radiation loss is eliminated in shielded cavity, and the electric
current loss in metal surface is restrained, a more accurate quality factor measurement can be realized for low loss materials; the lower
limit of the loss angle tangent measurement range can be lower than 1 x 10 ™%, This method is suitable for the accurate permittivity
measurement of various dielectric materials with the permittivity range of &, =1 ~ 100 and above, and the loss angle tangent of tano =
Ix107° ~1x107°.
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(a) Permittivity measurement model
of shielded resonant cavity method
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of open resonant cavity method
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Fig. 1 Permittivity measurement models of shielded

resonant cavity and open resonant cavity methods
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Fig.2  Cross-section of the measurement model for

shielded resonant cavity method
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Fig.3 Picture of the permittivity measurement system

with shielded resonant cavity method
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Table 1 Parameters of shielded resonant cavities

PRI WK IR A GIEN
W s JiA/GHz  EA%/mm 5/ mm
SC3P2G  TEOll  3.214 39 139.91 80.09
SC4PAG  TEOIl  4.421 099 100. 12 60. 17
SC6P3G  TEOll  6.314 427 70.09 42.13
SC8P8G  TEOIl  8.841577 50. 14 29.98
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Table 2 Measurement results of typical microwave dielectric ceramics

A FEfh A4 PR IEIRITI A/ GHz AR AL Q fH LN E PAFES IE]
K20 1.459 595 26 200 19.358 3.44x107°
K35 1.462 811 17 200 35.479 5.65x107°
SC3P26
K60 1.106 140 9 700 61.348 1.02x10*
K90 1.021 000 6 200 82.495 1.60 x10~*
K20 1.949 905 21 100 19.426 4.29x107°
K35 2.063 140 14 970 35.640 6.47 x10 7
SCAPAG
K60 1.524 750 7 000 61.052 1.41x107*
K90 1.344 653 4789 86. 842 2.07x107*
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etk Sithes FEbR 2 7R PR/ GHa R Q fH POUERCE ¢ BFEAMIEL]
K20 2.854 939 10 900 18.708 8.78 x10 7
K35 3.067 456 11 600 35.622 8.50 x10 7

SC6P3G
K60 2.391 711 5 000 61.234 1.99 x10~*
K90 1.981 198 3 600 87.416 2.77x107*
K20 4.283 990 11 250 19.782 8.53x107°
K35 4.253 663 4450 35.974 2.24x107*

SC8P3G
K60 3.062 350 3900 61.768 2.55x107*
K90 2.754 870 2730 87.777 3.65x107*

P A [ B A P 00 S5 19 B 328 kA A R L O
[Fi] — 05 B T A F B RO i 2 SR A — i E L
25 0] DU A0 E T R sk, 1 QiR e 7
H FAEAGRE I ) T A A, I Q (EHOKR M EL R R T
295 ~ 10 £, A T4 m A RHSUREI i R U, S B0 E
HRGRGEE, PT T 10 YRR A M S, e
3 Fims.

®3 KROBEEEUNESER

Table 3 Repeatability measurement result of K20 ceramic

— “iﬂlﬂﬁ TR ﬁ\EE PiFE
A/ GHz QfH A FIEY

1 1.435573 21 800 18.728  4.29 x107°

2 1.435561 21 800 18.728  4.29x10°°

3 1.435707 21 800 18.724  4.29 x107°

4 1.435617 21 500 18.727  4.36 x10°°

5 1.435 686 22500 18.725 4.17x107°

6 1.435511 22400 18.730  4.17x107°

7 1.435 609 22330 18.727 4.18 x107°

8 1.435593 22360 18.727  4.17x107°

9 1.435 663 21700 18.725  4.31x107°

10 1.435590 22370 18.727  4.17x107°

AAXTFR AR 22/ % - - 0.008 8 1.8
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Table 4 Standard measurement uncertainty components

of shield resonant cavity method

A E AHE M A E
B JEA IR B/ %
Uy WRITES AR 2 ¥5 0.058
wy  EIRBURIEAES AR THEE 5 -
us IR AL AL T AR AHI E JZ 2] -
uy  JERRSFEAESIARATERE Y 0.029
us DT LS AR A E B IE 0.009
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Table 5 Comparison test results of typical dielectric materials
FEL A 25 ) 2 R [P B 2R B a2 2R FEI P C 2R B a5 2R AR 4 N 2 2
R E AN
P> tano &, tano &, tanoe, &, tano
PTFE - - - - - 2.04 2.5x10°*
Afush - - 9.21 1.2x10°? - - 9.13 1.2x107?
EEA - - 9.45 2.0x1073 - - 9.41 7.7x107°
K20 18.77 7.1x107° 18.73 4.8 x10°* 18.80 3.1x107* 18.73 4.9%x107°
K35 35.50 8.0x107° 35.45 2.3x107* 35.45 1.0x107* 35.48 8.0x10 73
K65 61.90 3.9x107°* 61.78 2.5x107* 61.72 2.9x10°* 61.63 1.0x10°*
K90 85.95 5.9x107* 86.34 3.4x107* 86.56 3.9x107°* 86.68 1.6 x107*
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Fig.4 NIST permittivity standard reference

material SMR2870
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Table 6 Comparison test results of SRM 2870

g NIST $ 4 F (i P I i 0 o 45 2R
G £, tano £, tang
55 2.535 +0.004 4,16 x107* 2.533  4.09x107*
56 2.534 +0.004 4.10 x10°* 2.534  4.66x10°*

MR 6 RIS R AT LI L, P I AR S
AR EA AR 5 — Bk, Foh A R R O BR 25/
F0. 1% Bk A B A TERE

5 & it

BB 5 ST A0 A B AR 1 R T LB A T B
LTCC p i} i R 2k 58 2 45 2R TR T 5 0
FHBRR B2, AR 1 8 0 6 8 B A A4 RLBIE 52 401
SR — L BN A o ASSCWFFE T — PR P s R s A
HL RO R 5 %, TR 41 1 a0 VR BRI R AL, A 5L
BB TR S S SN A, i 5 RN AP K
FANLFF R LT 5250, Bk ke B PR RE . A H AR 58
TFAETE 207 A Y L 0 i i 2 45 07 T LA 8
A H A LR BON 5 e, =1 ~ 100 K L) I, $il 4
FAIE VI tang =1 x 10 72 ~ 1 x 10, 4 8 0
HIRZAE 0. 1% DA, 18 F T4 AR AL A BbE R B
PERERYHERG I 5, 502 X TR AR FAE B A R R, F4E
SETE VIR VR BE R o 4R LA S Bl T R B AR AR
7 DR BPRRS IR A v R e S A
B2 3Lk
(1] W, skiide, E56,%. W B & R AT

HEEL)]. REERER=AR, 2003, 31(10) :965-973,980.
YANG H, ZHANG Q L, WANG ] B, et al. Progress in
ceramics and microwave

microwave  dielectric



2506

fCoa &

Eibd 438 %

(2]

(3]

(4]

(5]

[6]

(7]

(8]

(9]

components [ J]. Journal of the Chinese Ceramic

Society, 2003, 31(10) :965-973,980.

IR, JAARTE. O TR B BT BUR B & S
#LI]. AEg)maT, 2001 (T 1) 4749,

XU J M, ZHOU D X. Research status and prospect of
microwave dielectric ceramics[ J]. Non-Metallic Mines,
2001 ( Suppl. 1) :47-49.
REANEY 1 M, IDDLES

ceramics for resonators and filters in mobile phone

D. Microwave dielectric

networks[ J]. Journal of the American Ceramic Society,
2006, 89(7) :2063-2072.

NARANG S B, BAHEL S. Low loss dielectric ceramics
for microwave applications: A review [ J]. Journal of
Ceramic Processing Research, 2010, 11(3) :316-321.
AR WO OB H P BE R IR S A D 3 B R WF

FELD . SR : AL FRHE RS, 2009.

LI EN. Study of high temperature and broadband
measurement of dielectric properties of microwave
transparent materials [ D ]. Chengdu; University of

Electronic Science and Technology of China, 2009.
Faf, KRR, EEE A AEREMEADEM Y o O &
ek S i e e BE ST [T ], FALH I R, 2015,
35(1):59,33.

WANG Y, ZHANG C C, WANG J ZH, et al. Improved
technique for determining complex permittivity of non-
magnetic material with the transmission/reflection
method[ J].
Measurement, 2015, 35(1) :5-9,333.

AL, A%, R AF. Ut B0 R i 1 /S S
VRN A A AL BT ] AR SR AR 4, 2011,
32(3) :695-700.

ZHAO CJ, JIANG Q X, JING SH H, et al. Determining

with

Journal of Astronautic Metrology and

complex  permittivity improved  transmission/

reflection method using coaxial line[ J]. Chinese Journal
of Scientific Instrument, 2011, 32(3) :695-700.

ik, B, B, BT VC+ + 9N E A R AL
ARSI B RGBT ] R R, 2007,
30(5) :42-44.

ZHANG L, WEI G, MAO D M. Design of variable
temperature measurement system software for complex
permittivity based on VC + +[J]. Electronic Measurement
Technology, 2007,30(5) :42-44.

TRULIE, PREKR , 5L/R. RS B A L 4
D HE 507 B ()], SRR 2 4, 2006,
27(10) :1322-1325.

XU J F, CHEN Q L, NI ER H. Research on the method
and the theory of measuring permittivity of microwave

ceramics by cutoff waveguide dielectric resonator [ J ].

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Chinese Journal of Scientific Instrument, 2006, 27(10) :
1322-1325.

SANTRA M, LIMAYE K U. Estimation of complex
permittivity of arbitrary shape and size dielectric samples
using cavity measurement technique at microwave
frequencies[ J]. IEEE Transactions on Microwave Theory
& Techniques, 2005, 53(2) . 718-722.

YOSHIKAWA H, NAKAYAMA A. Measurements of
Complex Permittivity at Millimeter-Wave Frequencies
With an FEnd-Loaded Cavity Resonator [ J ]. IEEE
Transactions on Microwave Theory & Techniques, 2008,
56(8) :2001-2007.

Wi, 2R, W B A L) ] SRR
1%, 1984, 5(4) :81-84.

XU D M, LI ZH N. Microwave dielectric measuring
apparatus [ J]. Chinese Journal of Scientific Instrument,
1984, 5(4) .81-84.

RS, BB 2., BIRTE, 55 OO BUs R/
RS T ] AR, 2005, 26 (BT 1)
29-30.

CHEN C H, LUO CH Y, HUANG ZH Y, et al.
Measurement of complex permittivity for dielectric
ceramics at microwave frequency [ J]. Chinese Journal of
Scientific Instrument, 2005, 26 ( Suppl. 1) :29-30.

215, Ba_(6-3x)Sm_(8 +2x) Ti_(18) 0_(54) H4H
HRIP A B B [ D] BT #T VLR,
2002.

LI'Y. Ba_(6-3x)Sm_(8 +2x) Ti_(18) 0_(54) High
dielectric constant microwave dielectric ceramics and
there modification [ D ]. Hangzhou; Zhejiang University,
2002.

MOy, ERER, BRGSO R A B PR AR
WL ki (1], AR ER A4k, 2008, 29 (2) .
295-298.

XIAO F, DONG X Y, CHENG C H, et al. Optimized
combination detection for microwave ceramic dielectric
resonator measurement [ J|. Chinese Journal of Scientific
Instrument, 2008, 29(2) ;295-298.

REJRWE, MOF, BES,SF. T T b A 1 )
BOR[T]. BPRERAR, 2007 (F4 ) 2) - 187-191.

XIONG ZH X, XIAO F, XUE H, et al. Development of
and  their

ceramic  device

Materials Review, 2007

microwave  dielectric
measurement techniques [ J ] .
(Suppl.2) :187-191.

BB R R TR A BB B B A R S PR RE S R F
FELD]. dbat: AR, 2009.

ZHAO F. relationships  for

Structure-property new

perovskite-related microwave dielectric ceramics [ D ].



4 10 1]

a4 PR IR O A 5T P R A v R

2507

[18]

[19]

[20]

(21]

(22]

Beijing: Tsinghua University,2009 .

T e, JLAD S AU B A H B B B 45 4 5 RE T
FELD]. PYL VAL TR, 2015.

YANG CH Y. Studies of structures and properties for
several microwave dielectric ceramics [ D]. Xi’ an:
Northwestern Polytechnical University, 2015.

JAZRAE, WIWIRT, AR, 55, PRSI 4R 05 00 1K ol
NSRS R SR R R A AR
20, 2004, 32(8) :50-53.

ZHOU D X, HU M ZH, JIANG SH L, et al. Microwave
measurement of dielectric properties of ceramics by the
closed cavity resonator method[ J]. Journal of Huazhong
University of Science and Technology : Nature Science
Edition, 2004, 32(8) :50-53.

WRE, WAL PRI O SRR S O B
FEl1]. T IulE S48, 2011, 30(12) :9-12.

CAO L Z, CAO D M. Study on parameter measurement
of microwave dielectric materials by the closed cavity
method [ J ].
2011, 30(12) :9-12.

WRaa A, TR LA AR A H R 1
L] T ILrE SRR, 2007, 26(2) :1-4.

CHEN J H, BIAN J J. Dielectric measurement methods
for inorganic materials at microwave frequency [ J ].
Electronic Components and Materials, 2007, 26 (2) .
1-4.

B, X2 B RS R SO R T R [ ]
AT F-H AR, 2003, 40(9) . 11-14.

HUANG R, LIU ZH J. Recent research and development of

low dielectric constant materials| J]. Micronanoelectronic

Electronic Components and Materials,

Technology, 2003, 40(9) . 11-14.

2L, ALPE, BRFEYE, 48 LTCC RS L W 2R
R R SERE LT ], oo fE 5418, 2010,
29(12) .64-67.

CENY Q, DU Z W, CHEN Z X, et al, Research

progress of LTCC microwave dielectric ceramics with low

[23]

permitivity [ J ]. Electronic Components and Materials,

2010, 29(12) :64-67.
fEE BT

FE &, 70578 2009 4EF1 2012 4FF g 1
PR E AT 2 2 SRS L2 o, B o
[l AR BRI ST B v 3 0 TR, 2
SLWFTETT 10 A B 2 KB
E-mail ; laowang13579@ 126. com
— Wang Yi received his B. Sc. and M. Sc.
degrees both  from  University
Technology of China in 2009 and 2012, respectively. Now he is
an engineer in Metrology and Testing Center, CAEP. His main

of Electronic Science and

research interest includes microwave and millimeter wave

measurement.

SKERRR 2011 4T T RO AR A L
S, B R E AR BT 5T e i i
o AR, 32 ST 160 Ay e e A 00
kil o

E-mail ; cuicui_zhang@ 163. com

¥-\ ; ¢ Zhang Cuicui received her M. Sc. degree
from University of Electronic Science and Technology of China in
2011. Now she is an engineer in Metrology and Testing Center,

CAEP. Her main research interest includes microwave device test

and design.



