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Study on Coupling Characteristics between TEgis Mode Dielectric
Resonator and Coplanar Waveguide Structure
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Abstract

In this paper, we propose that three uniform coplanar waveguides( CPWs ), such as a conventional,
finite grounded( FG ), and grounded( G ) CPWs, can be coupled with a TEgs mode dielectric resonator(
DR ) for a parallel resonant characteristic as a microstrip line coupled with the DR. Coupling
characteristics have been investigated by placing the DR on a dielectric support above the CPWs and
by moving the DR away from the center of a slot of the CPWs to the ground plane. FEM simulation(
HFSS ) results in terms of S-parameters agree well with measurement results. Finally, unloaded Q
values of the DR coupled with the three uniform CPWs are compared with those of the DR coupled
with a microstrip line. The comparison shows that the DR coupled with the three CPWs has higher
unloaded Qs than that coupled with a microstrip line and that the GCPW case has the highest unloaded
Qs.

Key words : Conventional coplanar waveguide, CPW, finite grounded, grounded coplanar waveguide,

TEo15 mode, dielectric resonator, coupling
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E 1. MEFS CPW #+x2| A5
Table 1. DIMENSIONAL DATA OF THE THREE
UNIFORM CPW STRUCTURES (UNIT @ mm).

x| 7| ECPW FGCPW GCPW
A 17.918 7.918 17.75
B 0.182 0.182 0.5
C 3.8 3.8 1.5
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FGCPW coupled with the DR.
Aot "
—&— CPW Sirmulalion o
= — CPW Measuramasnt K
26 4
l_-ﬁ
200 *
P
o o
= B r J
—_ 18 &
- oA
W onk- Pl -
s A
g
) R 7
:.,.:\ ,.l.'l-
ni.ﬁi:ﬂi sa i eas”
2 3 4 5 G
D {mm}
a8 7. 71= CPWOIM H = 1 mmoO|ZX DE H5IA|7|H

AgellolMat EM= || EM v
Fig. 7. Comparison of simulated and measured
|Si1|characteristics with respect to the

variation of the distance D at H=1 mm for

Sl=3}alets] =82 A 9 A A 2 & 20059 12€
Eﬁ 1 T 1
—a— FOOPW Simulation ]
sa b - FGCPW Measurement .?I -
151

|S'E1| (dB)

L
.-"r 4 3
5 _-|" v 4
— —'!"f -+
o, . T
) i e e g g g g i
a 1 2 3 4 5 [
D (mm)

J8 9. FGCPWOIM H = 1 mmO|1l DE Bi3HA|7|0d

AlgefolMal EME (S| EA H|w

Fig. 9. Comparison of simulated and measured
[Si1] characteristics with respect to the
variation of the distance D at H=1 mm for
the FGCPW case.

the conventional CPW case.

50 L] ] T T T T

& — CPW Simulation
4 CPW Measurament

=}

|S21] (dB)
=
>
=S

D {mm}
a2 8. 7|& CPWAIlM H = 1 mmoO|Z2 D&

=] G

H3IA17] 04

AlgeolMzt EME [Sy| EM Hlw

Fig. 8. Comparison of simulated and measured |Sx|

50 = & o
|"| —a— FGOCPW Simulation

L I
5 [
I| |I
-
WL ,I'r.- |II
s R |
ﬁ ._-'Ii:' .I*'lsI
= b / 4.
E .*' ; "‘_
= jog" *e
e o

a
T
-

FGOPW Measuremen? | -

D {rmj

T8 10. FGCPWOAl H = 1 mmO|Z DE H3pA|7 [0

AlggolMat EE |Sy| 54 vl
Fig. 10. Comparison of simulated and measured
|S21] characteristics with respect to the

variation of the distance D at H=1 mm for

the FGCPW case.

characteristics with respect to the variation of the
distance D at H=1 mm for the conventional CPW

case.



T T L] T
—— GLPYWY Simulation
o GEPWY Measuraneent
an | o
o
)
15 ¥z
E ."
= !
= I
- ..'
w !
— i ! -
i
i
5‘ ™ -'.l', -
-’_.'
f,«"
] i Ao """-__* 5 i
a 1 2 a 4 B E
D{mm)

8 11. GCPWOIA H = 1 mmoO|x DE 3|7 |0
Algso|Mat EHE |Sy| E4 H|1

Fig. 11. Comparison of simulated and measured
|Si1| characteristics with respect to the
variation of the distance D at H =1 mm for

the GCPW case.

e 7 —
A
= ] —i— SCPYW Simulation i
II II e GOPW Measurement
45 [y 1
I+
40 ,|r ]
- Tl ¢ J
. -
L hod
o s l"'.
= .l b .
= ; b
“ o . ]
e
1% ) )
) k)
10 .‘
b
(-3 3 -L""M .
...
o 1 i L e
o 1 2 3 4 B &
D{rmm]

T8 12. GCPWOIIA H = 1 mmoO|1l DS BistA|7 |0
Algsoldat EHE |Sy| EA v

Fig. 12. Comparison of simulated and measured
|Sz1] characteristics with respect to the
variation of the distance D at H=1 mm for
the GCPW case.

v. 2 8

Al EFRY #IHES JHAE CPW, &, 7|E
CPW, FGCPW, GCPW$} TEg; == DR¥}S] 2%
545 S-aEvE Y FeE AFsiath AlEH ol
At 34 Aiks BZE A 7 tdas 7HAs
CPW<e} DR} Zgto] mpo]A2 2E eI DR

oot

A% 54 97 153

n
-
BN
frt
i)
IS

o] A¢AE HE 37 37 242 ARE 4 9)

E AL RAFL B¥E 37 Fueold Qs
5783 A7, nlo]la22E 1Y DRFAY| A%E
71F0Z CPW A& 20%, FCPW A% 38%,
GCPW 79 70%7} 9 =9kttt o] AFellA CPW
¢} DR} A3t wlo]a2 2~ERERIF DR
ARHT & Q #S YERth Ul 714 e R
of st A% §4d0] vuE At BlnAdd= 7}
2] 7% Zol] GCPW 2} DR} Agto] 714 =& Q,
£ Rt

AS0

r v r T
—a— GCPW Simolation

40000 | —&— TP Simulation

—e— FSCPW Shmulalion "

Il 1 1 "
| —&— Micrasirip Simulaisn / ’,-'t

T =i
. S
BRI __'___,..——'—__'_.
-
o L
a 1 z - - 5

D{mmy}
a8 13. Ml /< CPwet ojo|2Z2AERIT} DR
2ol chst Q, AlEalold gkl
Fig. 13. Comparison of simulated unloaded Q for the
coupling of the DR to microstrip and to the
various CPWs.

5000 T
5P Measiirement
son | 8 GPW Maseurern anl ]
+ FZPW Measurement
o licmastrip A ess urement
4000 - R
EE RS -1
00 -
QI-' 200 - -1
F000 -
= el
Lo el
=00 -
@ 1 2 El 4 5

D{rnn)
38 14. Ml 379 CPWe} ojo| 3 Z2AEZ T DR}
Zelof tiet Q, -4t vl
Fig. 14. Comparison of measured unloaded Q for the
coupling of the DR to microstrip and to the
various CPWs.



154

(1]

[2]

[3]

[4]

5]

[6]

[7]

[8]

9]

2 323

r

D. Kajfez and P. Guillon, Dielectric Resonators,
Second Ed., Noble Publishing Co., Chapter 8,
pp. 379-430, 1998.

S. J. Fiedziuszko and S. Holme, "Dielectric
Resonators," IEEE Microwave Magazine, pp.
51-60, Sept. 2001.

P. Guillon and Y. Garault, "Coupling between
a Microstrip Transmission Line and a Dielectric
1976 IEEE MTT-S Int.
Microwave Symposium Digest, pp. 200-202
June 1976.

Y. Komatsu and Y. Murakami, "Coupling
Microstrip  Line and
Dielectric  Resonator," [|EEE Trans. on
Microwave Theory and Tech.," vol. 83, no. 1,
pp. 34 - 40, 1983.

P. Guillon, B. Byzery and M. Chaubet, "Coupling
Parameter between a Dielectric Resonator and
a Microstripline," IEEE Trans. Microwave
Theory and Tech., vol. 33, no. 3, pp. 222-226,
Mar. 1985.

X. P. Peng and K. A. Zaki, "Hybrid Mode
Coupling of Dielectric Resonators to Microstrip
Lines," in 1990 IEEE MTT-S Int. Microwave
Symposium Digest, pp. 395-398, June 1990.
D. Kajfez and J. Guo, " Precision Measurement
of Coupling between Microstrip and TEq1s Mode
Dielectric Resonators," Electronics Letters, vol.
30, no.21, pp.1771-1772, Oct. 1994,

K. Hosoya, T. Inoue, M. Funabashi, and K.
Ohata, "Systematic Evaluation and Analysis for
60 GHz Dielectric Resonators Coupled to a
Microstrip Line on a GaAs Substrate," IEEE
Trans. Microwave Theory and Tech., vol. 46,
no. 4, pp. 352-358, April 1998.

A. M. Ghuniem, A. Mitkees, and N. T. Messiha,
"Analysis of End Coupling between Microstrip
Line and CylinDRical Dielectric Resonator

Resonator," in

Coefficient between

Salalels] =22 A 9 A Al 2 5 20059 12¢

Using the FDTD Method," 21stNational Radio
Science Conference(NRSC2004), Proceedings
of the Twenty First, pp. B23-1-8, March 2004.

[10] R. N. Simons, Coplanar Waveguide Circuits,
Components, and Systems. Wiley Interscinc,
2001.

[11] G. E. Ponchak, "Experimental Analysis of
Reduced-sized Coplanar Waveguide Transmission
Lines," 2003 IEEE MTT-S International, vol. 2,
pp.971 974, June 2003.

[12] V. S. Mottonen, "Wideband Coplanar
Waveguide-to-Rectangular Waveguide
Transition Using Fin-Line Taper," I|EEE

Microwave and Wireless Components Letters,
vol. 15, no. 2, pp. 119-121, Feb. 2005.

[13] B. Guillon,D. Cros, P. Pons, K. Grenier, T.
Parra, J.L. Cazaux, J.C. Lalaurie, J. Graffeuil,
and R. Plana, "Design and Realization of High
Q  Millimeter-wave Through
Micromachining Techniques," in 1999 I|EEE
MTT-S Int. Microwave Symposium Digest,. pp.
1519-1522, 4, June 1999.

[14] Y. Guo and K. Luk, "Dual-Polarized Dielectric
Resonator Antennas," IEEE Trans. Antennas

Structures

and Propagation, vol. 51, no. 5, pp. 1120-1123,
May 2003.

[15] Y. Guo and K. Luk, "On Improving Coupling
between a Coplanar Waveguide Feed and a
Dielectric Resonator Antennas," IEEE Trans.
Antennas and Propagation, vol. 51, no. 8, pp.
2144-2146, Aug. 2003.

[16] R. N. Simons, and R. Q. Lee, "Planar Dielectric

Stabilized  HEMT  Oscillator
Integrated ~ with/Aperture  Coupled  Patch
Antenna," in 1992 IEEE MTT-S Int. Microwave
Symposium Digest, Vol. 1, pp. 433-436, 1-5
June 1992,

[17] G. Baumann, D. Hollmann, and R. Heilig, "A 29
GHz DRO in
Configuration  with an

Resonator

Coplanar  Waveguide
AlGaAs HEMT,"



AEE, AAA ; TEos BE FAA 3719 ZZeu dlojBrtol= F2EF}e] 2%

Integrated ~ Nonlinear ~ Microwave  and
Millimeterwave  Circuits, Third International
Workshop, 5-7 Oct. 1994.

[18] H.C. Duran, U. Lott, H. Benedickter, and W.
Bachtold, "A K-band DRO in Coplanar Layout
with DRy and Wet Etched InP HEMTs," in 1998
IEEE MTT-S Int. Microwave Symposium Digest,

vol. 2, pp. 861-863, 2-6 June 1998.

4 3 (2EH

20049 2¢ © Aot
EENCTEIN))

2004 2€~&A) : A8 oist
338t (F 5 AL

A EOF: xuFn WA, FZ

7], ©@&7] Hardware

2
&
o

4 A 155

|

[19] J.H. Kim and I.S. Kim," Coplanar Waveguide
Coupled with TEq15 Mode Dielectric Resonator,
“in  Proc. 35th  European  Microwave
Conference, Paris, France, Oct. 2005,
pp.181-184.

oM (2L
19744 29 ¢ ASUsE AEst

| ZH(FTAD
19841d 2€ : Univ.of Ottawa %L
T3 H(F A
19901d 29 : University of Ottawa
Z 17913 8H(F 8L
192d~8A) © A3t Hats

St Jug

S|2, 5%7], #oltrl&, EM,

e
o>
HI
°
o
<k
AN
=)
o



