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A Study on the Resonant Mode Identification in the Dielectric—disc
Loaded Cylindrical Cavity Resonators
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Abstract

We described a method of resonant mode identification in dielectric-disc loaded cylindrical cavity

resonators.

The characteristic equations are solved using the ContourPlot graph of Mathematica.

Contour graph method uses graphical method. It is comparable with numerical method. The numerical
method is very difficult mode identification. The analysis is based on the approximated electromagnetic

representation which is only concentrated on the calculation of resonant frequencies, and a mode

identification of resonant frequencies has not been covered. However, It is possible to calculate precise

resonant frequencies and to identify the mode of resonant frequencies using the contour graph method.

The contour graph method is not a method using approximated representation of electromagnetic field

variation at the outer area of dielectric in the resonators. It is a method using exact representation.
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Fig. 1. The cylindrical cavity resonator with
dielectric-disc.
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Fig. 2. The cylindrical cavity resonator with
dielectric-slab.

AE5Y 5 A7 Are wAE d4=792
mm, o] L+ /=15 mmolx, §#A4A &3 27
E ¥xE d=792 mm, %¥°] /5 mmeoith a=0
mm¥ He FA1F Fgo] FVIE, a=d mm¥E W
= HfFAgo] 949 FAAZ AYA Uk 7+
gk A9 22 HEE AS-d, §AA tx2zvt
AdE 4%y IV FAFHF HYE 7Y
F otk fAA 87 FASA ®E Y
Vedds AFE Uk FA-A a2z}
4 Fze FAFALE F3A4 5o 4dE 7&
¢l L+ 17/=15 mmeolx, d=7.92 mm? F&F a=0
mm, L+/=15 mm¥d "} a=25 mm, L+ /=15
mm Ato] ¢} & 713 Aolzte A& ¢ F Urh

2
e X

la d

a8 3 FH FAA Bel AYE 4%E FH.
Fig. 3. The cylindrical cavity resonator with
concentric dielectric-rod.
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4. The resonant frequency variation of
TE mode with the L in the cylindrical
cavity resonator with dielectric slab.
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Table 1. The resonant limits of TE mode.
9] : [GHz]
rE 9 | FAA| FA4A Lol ¥MaE u
TA7| &H | BFA (SAH 2)
FA7)| [¥%0)115
mm] [%=0°]:5~15mm]
TEon | 26.364 | 10.800| 15.364 | 19.487~15.364
TEo2 [31.544 17625 17.213 | 27.128~17.213
TEos | 38.656 | 25.687 | 19.487 | 35.477~19.487
TEos [48.851 {28891 | 21.930 | 44.258~21.930
TEos | 55.633 | 34.783| 24.484 | 53.509~24.484
TEe: |48.939|22.159| 32559 | 41,238 ~32.559
TEws | 53.850 29554 | 35.223 | 47.690~35.223
TEp: |59.958 137.843 1 37.335 | 63.095~37.335
TEos | 71.374{33.758 | 43.600 | 68.981 ~43.600

A7) AAA 283 =F A, Vol 15, No. 1, January 2002.

ol9t FdstA TM EE=9
Bt A ol 5 den, I 7t
T Atk ol& X 29 A A

® 2. T 2=9 &3 71599,

Table 2. The resonant limits of TM mode.
©@$ : [GHz]
2= | R | FAEA| fFHA Llo] W o
FA7| & BEAI| (HHA B
ZA7]|[%°]:15m|[E°}:5~15mm]
ml

TMow [15.311] 6.759 7.182 7.182~7.182
TMou [18.287{13.731 | 11.611 | 23.179~11.611
TMoiz [25.188]16.394| 18.681 | 30.087~18.681
TMows |33.681(21.013| 23.179 | 37.440~23.179
TMows |42.830[ 26527 | 25.674 | 45.606 ~25.674
TMos [52.292(32.194 | 27.858 | 54.279~27.858
TMog |40.434(26.128 | 25.710 | 45.677~25.710
TMoes |46.205(33.703 | 31.628 | 51.593~31.628
TMosz |58.611129.935| 35459 | 63.687~35.459
TMaoss |62.732]37.942 | 39.775 | 67.795~39.775
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5. The resonant frequency variation of TE
mode with the a in the cylindrical cavity
resonator with concentric dielectric rod.

Fig.

41



J. of KIEEME(in Korean), Vol. 15, No. 1, January 2002.

SEaEE FXF 990 TEy 2= dg &
AA d2azt A4dE 1719 33 e d9ol
Heh o 2 99E& 2A87] dsd 4 /A
A Bol AYdE ey FxAX L+I=5 mmol
A 9] 111—?—1—’?9( L+17=15 mmolAxe FAF
B4 Atelo -FHA Haz27 AYE 7Y F
AFd47r EAFEE & 5 Uk 2 Aol ge
AHE7 9Jstd ad=xg W, 19 63 v
a9 6oA SAEEZ EAG AFo] T4 HHA
%ol Add 988 §17) FRAAM TE,y, BE
o] FAFHF] I vt F9E HAFE
. 4 7t %‘QH AHYE A gt 78 T

AFH4E Aold FHA d23art A4Ygd 33
719 FAFHFE EASA FHa, olE o] &
BEEE A + Aok

b

o
o

50

N
30

Frequency [GHz]

20 s --
I TEon

10

6 8 10 12 14
Variationof Height L+l [mm]

a8 6. 4 A 8o AYd FTHIAA L+l
Wl & TE 25 FF9,

Fig. 6. The resonant frequency variation of TE
mode with the L+/ in the cylindrical
cavity resonator  with
dielectric-rod.
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Table 3. The mode separation of TEgy.

@9 : [GHz]

¥X= Wi | TE B:= Ty Fap
FATHT | ye | s

TEon 17517 26364 | 15364
TEuz 23573 31544 | 17.213
TEuns 28.353 38656 | 19487
TEo 31615 43851 | 21930
TEos 37620 55633 | 24484
TEo2 32.123 48939 | 32559
TEos 36.655 53850 | 35.223
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Table 4. The mode separation of TMopq

@9 : [GHz]
2E WS | TM RE | F35| Fa5
FRFIF A3t 38
TMowo 13692 | 15.311 7.182
TMon 16.247 | 18.287 11611

TMuniz 21714 25.188 18.681
TMaos 26816 | 33.681 23.179
TMos 32207 | 42830 25.674

TMos 35.171 52.292 27.858
TMozz 24.341 40.434 25710
TMozs 33545 | 46.205 31.628
TMosz2 32.976 58.611 35.459
TMog; 34581 62.732 39.775
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Table 5. The measured and calculated resonant
frequencies of TEqy mode.

TR |4 . A 1o

solmml| 4 21 [GHz]| A2 2| [GHz]} & 2H%]
5 19.437 19484 | 0.241
6 18.455 18426 | 0157
7 18.076 17936 | 0.774
8 17.926 17714 | 1182
9 17.833 17.611 1.244
10 17.821 17562 | 1453
1 17.816 17538 | 1560
14 17.802 17518 | 15%
15 17.800 17517 | 1.589

gege, et & o olE Holn

7.4 8

FRAA dz2ast A" 48% % 2719
=g Tite EE AASHT A 9=

¥ TR 7)o A8 2 =(non-decaying mode) E

(3

r~|m

d& HEso AAAE FAd AAAE dF
ol fHAd A&HBR FW AAAG WA
E 4 ZAAH AAZAELE FE3od vAF0t
2 AHLAAE Tk olEd A-YwAgy
2 Yy z%);]ogzq A Hor FE= o] B}
sttt ol & £7] Aste] WwAF Sk 24
gt AAzRAANAN doAAE EAYAAE 279
il 293%+9 gz Hasigch F &2

o] 0°] H¥+ HEE contour graph®
vetdlidg, 5 5A4TA2 9 contourgo] w3}

EQuAgAE FAY wFHitE FHol
#rh ] o] grol FAA Azt 4dd I

el FAFARS HAA d9el U Ay

F2 pEnith gAY EA,
AzA Zo] WEsA Heg me F
.4 EQUA A Yo contours
3 Wrx|E WEke) st meg ou) s}

o

2, o] & o|&3d FAFHFY R=E AA
4. 549AAA 94 28XE  contour
graph®] HEL TM, s TE 5004 BHAE
weko) W3} pot e W3 gE Yujsinzg, o
& o]gdld g TREGY BE TR W
AEE e AT EAY F 91“ V&
d9& AANAT 32 HedY el FA4 o
237 444 % 8 IRV FAFHAEN ¥
e B9k FAA £8e] £ FANY HA
A Bol AU FR7e FAFEHFY REE
- AgsA ¢ 5 »12.,4 , FAA gzazt 4
dE 98y TR F29 A Mg 2F
3t o o] &3t

dAatel 2

A01EE ARG G& A7
Aol ¢ =2

#a 28

(11 &%, o144, o144, “2/4 TEM 2= &
AA FH7E ol&F olF F4E FEHH
gde] 44 2 A, A71AAAEEgE =74,
119, 115, p. 975, 1998,

[2] oI, “FAAE GaAs HFA7IY dATF
8" A7|AXAAE, 108, 43, p. 339, 1997.

[3] ol&7], w7, #2714, |43, °ld3, “E
Tg %.47}01] EL}% ALOs; A=e FX7]9 nf
oazd $3 B4 Be A7, ¥FAANA
2} A 5.8-3] 1997-r741§}atﬂil =3, p 64,
1997.

[4] K. A Zaki and A. E. Atia "Modes in
dielectric-loaded waveguide and resona-
tors”, IEEE Trans. on Microwave Theory
and Techniques, Vol. MTT-31, No. 12, p.
1039, 1983.

[5] P. Guillon and Y. Garault, "Accurate resonant
frequencies of dielectric resonators’, IEEE
Trans. on Microwave and Tech., Vol
MTT-25, No. 11, p. 916, 1997.

[6] S. B. Cohn, "Microwave bandpass filters
containing high-Q dielectric  resonators”,
IEEE Trans. Microwave Theory and Tech.
Vol. MTT-16, p. 218, 1968.



[71 D. Kajfez and P. Guillon, “Dielectric
Resonators”, Artech House, p. 9, 1986.

[8] S. Y. Lee B.J. Son, J W. Am, J. Y. Cho, B H
Park, C. S. ung, V. B. Fedorov, A. G Denisov, Y.
H Km T. S. Hahn, S, S, Chai, B. Ch, and S. H
Moon, "Use of a dielectric-loaded cylindrical cavity
in measurements of the microwave surface resis-
tances of high-Tc superconducting thin films”, IEEE
Trans. on Applied Superconcuctivity, 1997,

[9] R. F. Harrington, “Time Harmonic Electro-
magnetic Fields”, McGraw-Hill, p. 37, 1961.

[10] D. M. Pozar, "Microwave Engineering”,
Addison-Wesley, p. 300, 1990.

[111 Z. Y. Shen, "High-Temperature Super-
conducting Microwave Circuits”, Artech
House, p. 2424, 1994.

[12] °1438], Z&=, T35, 34, o3y, “9%
g FRNE ol&% FHE ZAHYYANA F
AEE M4 #3 A7, T AR =
2], 104, 2%, p. 218, 1999.

A7)AR A 283 =FA, Vol. 15, No. 1, January 2002,



