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A method for computing a coupling coefficients
between a microstripline and
a dielectric resonator,
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ABSTRACT An analytic method of computation of the coupling coefficients between a microstripline and a die-
lectric resonator is showen in this paper. The relationships among the substrate material, the ground plane, the diele-
ctric supports and the metallic boundaries surrounding the resonator could be explained by using the coupling coeffic-
ients, The theoretically computed values of Qext are compared with the experimentally measured values of Qext in
the case that there is a dielectric spacer between the dielectric resonator and the substrate and in the other case that
there is no dieletric spacer between them. As a result, the reflection coefficients with the dielectric spacer between
the dieletric resonator and the substrate are decreased more than the reflection coefficients without the dielectric spacer
between them.

I. M = ol &3ted F¥7] WAy F& AATH Sour-
ce-Gate 7he| —%%%k% o] gdto @ x 9%
Ku-Band & A8 sf4d &4l d&3h7} 54 stal 27} 4 aglE Source HAFeNF 3}

4 44l convertol] kolE FEALAER e ot Eel we JAFEST HAEF 87

Fotgee] abgel g-sfof P Blel gk alod FHAFA ] of vho]z Al 2o A

2ok ot 2 EA, FL Qext $E 24y FAHA Al AgAS A FgesPelt Moment-

% 71"% Impatt Diode, Gunn Diode, GaAs method 5§ o] &3sted Fdte A= Hol A3

MESFET %3 Z&ste] 2 Apgdlet, e ol gk et ?rf&i % o] v+ Moment-

Impatt Diode, Gunn Diode -4 -2 7] ¢} method % o] &8 $-A#F A 7]8) vjolza g AE

1% 4] 3=t o] bl ?ﬂ o] Fabae] g oalsel AdbAS *.P%Oﬂl.} e A7k B
ot S shAsteh WAV E ] T A% g Al stol & 7 gl

544% 7z GaAs MESFET?E s854xs whepad Hoolgroll M vl A @ AbrhA S A4

o| zhykel s A{ql & ol &ste] fAA FA

*EHTSI AR E R Joh uhol 2 ) Alabo]e] AeAS A

il

LR T 91-96 JEF 1991 6. 7))

S Al A g m F A3 ]S el oz

1019

www.dbpia.co.kr



Sl BV Ll 9110 Vol 16 No. 10

sl Al o] 7Agha] mbAbA g Folal Qext
s A7 7L S A Al 7] ol okt
b7 -4 & 10, 54 0.65mm) & 5hs) sfan 4
Abalabal ebSal o] ubAbAl4-9F Qext gk 2] o &4
I Azbol Algl=lel Aup- w7l K osban, &l 4
Aol whnl 8- o] &sfod sHubyl Computer 28 0L
S Filter 2] AAe] & &8 btopr o] 7y
A Askaleh

0. REAMSZI 7|2t OO AZAEE M2
Z

. 1 External quality factor(Qext)

Qg fd g Al vl el g4l ol
71 & A 7l ulf Magnetic dipoleo] < x2--=9} 1l
g TEQLS -4 w-g-1o7p bl shu]® o] nr Oﬂ
ehgb B A Al bl ek chebinl eyl 1ot
o},

1

(a) (b)

L= T R R R L R I B R R
§)
Equivalent circuit of a dielectric of a dielectnic
resonator coupled with o microstnpline

gl 1o 4] Rr, Cr, Lr&- DR(Dielectric Res
onator) ] 5-7bA &k okl AR gk ol
Bl ubeb s vl grelan, RI CLL LI
-7k Eb a7 bl 4]

& o]z Aleel
E

A4 Soobol e Bl s vhebu A ul o] o]
Lm—ﬁ— Magnetic Couplinge] 7] - vjepdich

A% 1%9} Az oAy Sobgle ek Zin
ohg Al ah gbol Fof Ak,
Lm? o 1 (1)
Z=eQuTT YR
1020

of /el 4] X=2Qu(@—w,) & thEbH = Qu,
@oi b7k vhol sty Aok A kel Al A
2217 ¢] unloaded quality factorg} -&%14]2
opabaen deleh e A gk el
o sl 4 :,'? 007 X=()o|» & Al (1)~

W W ol Ak,

Z=R =Quwo»—l}—‘?i (2)

s e

o QU @Qu Lm® (3
T Qext  Rext Lr

o] vh,
Rext+~ gl T4
L I - I 8 2 el A

sl 29b Aol vpepY BT

o =T RN A R N
Simplified equivalent circuit

gk Rgol Aol HolAal Rool ghow #4]5
e 9]%’“‘1?”‘()]4 Aok At HghE a
co| adeldelyl a(Zy)eb ghe i A1(3)

- ‘!(4)91 ol spalxlch

A

Qext— 220LT (1)

T welm

Al(4)ell 4 Qexti= Lr/ Lm?al z}ol

A I TS S AP T 2] 9]

olvh, mab Gy alv] Aol

p )

Irolv} roul o ol el vho] z i ]

Ao aboll frexl HdlbE

www.dbpia.co.kr



G/ A Al vle) vbo aw skl Aliel A hel A dAF AR
=jwLmlr (5) o} 7ol 4] &= Medium 1] 4 F#H & Ediv
Medium 1¢] 4 A vector, Vit Medium 12} § 3
o2 el 4 Y § 5 29t e 18l 3o & zbzb ek

4ﬂﬂuw%%ﬂﬂﬂiiiidﬂiﬂﬂ%ﬂ

S Ae Bl s AS(H)zdy 78
& ek
Z e=jwpofsH - ds (6)
o]t
oy 7]l A sv= 7]skAbel xhed H o]},
Y
DR
MICROSTRIP
SUBSTRATE
SN
2z
O 3 vlelazarg AR de] F3vl Field

Magnetic flux linkage
Magnetic flux linkage of the resonator into the
microstripeline

A5l ol #

Lrir? (7)
W= 2
o) m i A(5)~ A(7)& Al(4)oll HHsleta dels
g

4ZOWE“A_ (8)

QeXt oty [ISH d%}
o] AL
Wm=We==> [ &E ¢ /dv, )
ol o,

I-2. Qexte| ZAAILIR AT EHA HIH

1. Qexte| ZApA|LL
‘J 8)el Qext &
off 11 2] Wm,
91%01] sjol Al H, fH - dsef & =A st
ojof ghe} ol @|dk g vl el Lyl
49} ol HAA i 67 dole g ol

AabsE 4 ol

A arako] glal A Aol

FAA A7 e w2t

e s A

2
SLLLL L /[ LLLL L pover
A ' i
y : 5 v
Vg v (I 1 L v
A ! ' V
A0 v i \/
/] (
; v 1 \ve N :
Sy 73 Microstrip line
YRSV
7 7 7 7 Ground plane
a4 A odele . dhelal gAY

t-region divided resonator structure

=]
A2

2l ol Al b el A (H)

S dEat g b o83 2 Helmoltz
&
g ezt a4 oo,

asz QHZ QZHZ 1 -
+ - 2y L =
T R S b (Kb JHZ=0
(10)
GA0) A 7E et A g Fobd ehgat
AL
Ha=H,Jo( Kir) (cosBz+B, sinBz)
}'IZQ:ZHQJQ Krr BS\ e a'a 3 Sln ha'a(dg_z)
Hzy=2HoJo(Kr) By e ag?) sin hag(d,.z)
1021

www.dbpia.co.kr



S, R GG LWL 9T 1o Vol 16 No. 1o

H,.=H,B,,(cosBZ+ B, sinBz2)K,(Ka r)
Hz=2H,B,, e a9, sin he,(d, ) K (Kr)

Hze=2HoB: e ad, sin ha(d) 2K (Kard (1)
of 7ol 4 Byi= ol al 4k vhebian, JoK
oit A 1Eab Al 22 Bessel gh-al tjeb)
e,k Aoabg) Keol Kad- DR k7)o
b o, asSb api= 7Habab s vlel ghsl ab
N I I S T
KrZZC“)2 &gotto— 37 (12)
Ka'= —w o1+ = epre, (6, — 1) —KJ© (13)
ap=K "~ ety ()
as= K"~ @yt substrate (15)

SCLE] el A A g e ]
MU AR S ol § el

JH - ds gl skel 4(8)
ek

sl o] 4|
ol el sty

GRS A Ab el

ol ol
o] 1

Wm,

Wext

E T e A A A R
Data i the 6 regions of diclectric stracture

I ‘ L I W

] IR FT 0 .

il -2 d, [N &4

il o, I (b a Eo

(i IR I oo b "

\ H i : a b &

v o, 1§ ? a4 b N

L A R R o]

3 TARY AR SRR

i
Qext x5 -5 7FA 21 7] glall -l & 4 o) 9
slofoll Sl &l el (48 10,
Sipvfl el g

CRGEE L L

EE,= €spacer 14;+£%uhstrat9 Lx

Ly+L,

1022

5
Al gkl abslehafel ke

/’Ji’

Sl oeHmmel

[N

o 7ol < Lo slulel frAlo] i L,i= 4belsl

it dhalel el e

Al kR gbelehal fdis e of ol
et - 8 416 o] ok 3 a4 2 o) ) e}
Rt A b kel ek el Qext ght it e
Ao skl g el

2. Qexte] umHA X

Cextoll d-g-abi= Fubge g aboll e S, 2]
el Qextel 48 sl Slsbol “ryl(])el
L I I e R B/ AT
ST R A
2 ,—:/JmL R (17}

Qe

v normalized frequency deviation-9 vjvhal v,

S ATel wiglakar normalized input

impedance [ 72y, = 4” O olgwkul AT
/U
IR A B A YRS
20 (18)

[Zinl=1+4 1 +',j;)(,\)ext/)’(5‘

of 7] ol 1]

1
&= 4
t 2Qext

olvk, Qext el mpedance A 4% 21(18)5 2.8
shol vhukd]

)
li/f
Sy, (19)
TSt S

Zin\Q(Xt“l+

www.dbpia.co.kr



i LA vk chol sy i) 4l yie] g« A A 4 4bEab

o

ol e},
g whAbA %

[Zin]1Qext—1 _ Sy

Sl Qe = Qext 1 — VoIS (20)

41(20)% o gsho] ¥ 7] ok njo] e gl
Az rbol ol MAA SIS, o) ehal 4 kb A S
Al abel) Qextel WA4g el 1yl 59k 4

-r

/)
of, MbARAl G 3wl o 2 B Qextir obgab e
Aoz FE s cf,

_fo (21)
Qext= s

B 5 MEARAIS s el 42) Qextol ) A
Loci of Qext on the reflection coefficient plane

ol

m &

]
I

pSEE

frAFel 245, Feolzh 0.762mm, -7 7F 0.
035mmel Teflon 7]sk& +h8-3kef 10.678GHz
ol 4 500 9] nholm @ aE ol ize] #O Falw
2.147mm Mol o] ol il Ak 2] Al @ o}
273 0] 506mm, ¥o] 224mm, f-AH 33.29]
FAHNFAE Astsio] Al ERl F s el

b R
Resonator constructed

HP B6u20C HF §6250B
SWEEP OSCILIATOR | RF PLUG~IN
HP B746B HP8410B | HPB414A
S~PRRAMETER TEST SET NETWORK POLAR
ANARLYZER | DISPLAY

50

O 70 Gadgpdae sl 2gday
L(Nlpmmn set up for measurements of resonator
charactenstics

eyl Tah 4Re Ale] 4 X sk o] B-slo] 3 6)
At} O}w 7t Fabgvbcl NETWORK ANA
LYZ ER-: open = short 4 efof 4] calibration
R ol dlr v ob o) = R

o 7el i 2 05mm il -'gr;LL ()_Smm”kf‘- Z 7}

Al Sl kAR A A Sig) Bla) el vk

Al foa A A slell f & 10, wﬂﬂ 0.65
mm<al flaks el o] obsuli} apdcer}; Abal &} an
Tt Wl o H 4 ubabAl T 2l 8(b)
off vjepvict

Qext ;kq ol # 2 9} A&l xe] wlagl Aapk
crel 9ta), (byell vhepyllet, crgl g(b)ol) viep
ukot "1-301 spacerr AFQEekar F 4 ¥l wbapAl 43

spacer-i- AbgIskzl 9oL FA sl mbabAl g Mo}

1023

www.dbpia.co.kr



SEBIAL H S aR ek 91— 10 Vol. 16 No. 1o

o] 2ol & of 4= ola gt _iv] Yoll 4 Spacer
T Akl skl s A2l Qextibo) spaceri 4b<l sl
AW A 2o 1204 % SRS el @l
+ ek

(a)

a2l 8 dirddbg Aol vpel el al el gl g
HonbabaA A=
Measured reflection coefticients of the resonator
coupled to a termmated 500 microstripline

N. & &
Aol A= el Aol olEshd

A3Al g AbEwloll A v vl ebed R w4l 7] 9f

vhojzm g e gl g el Aol gk 4ghAle

ApEAE S H e R fFEek e Hare] Al

off o]sfed AJHAI S AbFslar v Al 4

et gk ubapA ot Qext ﬂl d

FAHAF AN aLAbw s Folv] 2] bto

A% 10, 7 0.65mmel

ARt skl A

1024

bl vl A

Ol"'ylr“] L spacer - -
-2 a2 7] oF vho] i vl 4]

Yol

Qn
.
woor /
AL14 h
* ® % 30 I‘
|
2000 f
4
-
1000~
- /
m—_____//
[
a5 0 i 73 5 e
Serr
4
2300
—
PR
2000+
*
1500
1000~
- *
800+
-
*
1 M . A
03 [*) [ 20 25 ha

A9 Al s ek vhol v v 4l o) Auol| upin
Wext ghol ul g
GQext as a function of the distance between the
dielectric resonator and the microstripline

=9 40191 '/IL’M 0.5ommel ol 4| spacer

A A B A b 0148
Zoll i Qextyio] 12045 243e o 4

Mqlpoll 4] Alokel §A M F A7) 2) o] s

www.dbpia.co.kr



G|

sxgAle] kol ofgh -4l Hal e}
computer program-- F H A 7] o] &4}
filter 2] A Alos &84 4 9% #ojr)

2 £ XK

1. R.DRichtmyer, “Diclectric Resonator™, J Appl.Phys,
P.391, June,1939.

. RSoares, GaAs MESFET Circuit Design, Artech
House, 1988.

3. APK and Y.Garault, "Determination of Loaded,

(g%

Unloaded, and External Quality Factors of a Diclectric

Resonator Coupled to a Microstnpline™, [EEE. Vol
MTT-31. NO3, PP 261 264 March, 1983.

1. P.Guillon, SMekerta, Y.Garault, "A Dielectnic Reso
nator Bandstop Filter”, MTT S PP 170 173, 1981,

. DKajfez. Pierre Guillon, Diclectric Resonators, Artech
House, 1986,

6. P.Champane, “Beter Coupling Model of DR to Mic

[

B = & 5 (Joong Soon KANG) il
: 1961 31 34 7k
§ 10831 20 DA ol VAR R
L 19835 AN ~ L9864 T 2 BRI A S
EREES

& 19391 %)) DM R PREE W
] LN I T T B
19914 3H ~ 30 Do 851 20 ST
YR ST

g slsh obe] il Al ol el LAl

rostrip Ensures Repeatability”, Microwaves & RF,
PP 113 118 September. 1957.
7okl befeimsb opsh A47h PP 7789, 1985
8. P.Gullon and Y .Garault, *Accurate Resonant Frequ-
IEEE MTT-25, No.

encies of Dielectric Resonators™,
11, PP 916922 November. 1977.

9, T.ltoh, Ronalds.Rudokas, “New Method for computing
the Resonant frequencies of Dielectric Resonators™,
[EEE, MTT. PP 52-54 January 1977.

10. P.Guillon, et, al, *Microstripline bandstop filter using

dielectric resonator”, Proc,Inst Elec Eng, Part H, Vol.
123, pp. 151-154, June. 1981,
11. HEWLETT PACKARD, Microwave Network Analyz
cr Applications, Tech-manual, June. 1970.
. T. Edwards, Foundations for Nicrostrip Circuit
Design, John Wiley, soons, 1941,
13.

w

K.Gupta.ct.al, Microstrip lines and slot lines, Artech
House, Inc., 1979.
14. HHowe, JR., Stripline Circuit Design, Artech House,

Inc.1974.

1025

www.dbpia.co.kr



