SPECTRAL-DCMAIN ANALYSIS OF
FIN-LINE RESONATORS

AKHILESE KUMAR AGRAWAL

DEPARTMENT OF ELECTRICAL ENGINEERING

Dissertation submitted
in Fulfilment of the Requirement
the Depree of

DOCTOR QF PHILCSOPRY

tc the
INDIAN INSTITUTE OF TECHNGLOGY
WEW BLLHI-16

4th Jans 1984

of



CERTIFICATE

This is to certify that the dissertation
entitled "Spectral-Domain Analysis of Fin~Line Résonators”,
which is Lelng submitted by Mr, AKHILESH KUMAR AGRAWAL
to the Indian Institute of Technology, Delhi, for the
award of degree of Doctor of Philosophy, is a record of
vonafide rescarch work Cnrriud out Ly him under ny unidance

and supervision.

in 1y opinion, this dissertation has reached
the stondard (ulfilling the requirements of the regnlations
relatiog to the degree. The results contained in it have
not Leen submitted, in part or in {ull, io any other
university oer institute {or the awnrd of any deprcee or

dap lomn,

/

i . P
/’?A) ll [ v'/‘{\'; fohveed

/1‘( 1 L ;

(Bharathi Rhat)
Professor

Centre for Applied
Rescarch in
Electronics

Departrent of Tlectricnl
Engincering

Indian Institute of
Technolopy, Delhi

New De hi~1103016,

he)



ACKNOWLEDGEMENTS

I an crateful to Professor Bharathi Bhat for
her precious time, guidance, and for her critical appraisal

cf this work.

I wish to express my gratitude to the staff of
of the Centre for Applied Research in Electronics, in
particular to Mr. S.P, Chakraborty and Mr. R.S.Raghav for

their help.

I wish to express my appreciation to the staff
of the Computer Center for their cooperation and help, to
Mr Harish Bhatia for typing the manuscript, and to

Mr. R. Kapoor fur the drawings.

I am grateful to Dr. 0,S. Sahgal, Principal,
Funjalt Engineering College, Chandigarh for his constant

encouragenent,

AKHILESH KUMAR AGRAWAL



Absyrnct

This thesis presents an analytical study of single

1

and coupied rectanyular slot rescnators in fin-line configu-

ration, The analysis is lLased on Galerkin's method in
Feurier transferm domain. Experimental verificaticn of
the thecretical results on the resonant frequencies of sincle

slot resonators in fin-line as well as in open configpuration

is proviaad,

The spectral-domain analysis of a single slot
resonator in unilateral fin-line is carried out first and a
characteristic equation is derived for determininp its
resonant frequency. The characteristic cquaticn for
resonators in Lilateral fin-line is obtained by a suitable
modification in the boundary conditions and structural
parameters. By considering the walls of the shielding
enciosure sufficiently far apart, sc that they have
negligilble influence on the slct fields, the above
characteristic cquations are used to determine the
resonant frequencics of single slct resonator and broacd-
side coupled resonators in open configuration. The
characteristic equation for the determination of resonant
froquency is modificd to determine the wavelenpgth in oach
cenfipuration having an infinitely long slot. With this
information the cend-corrections in slot rescnaters in
sopen/fiv-line configuraticons are computed as @ function

of the structural parameters,



Chneracteristic equatiohs to Jdetermine the even-
nd vdd=nwer resonant frequencies of”coupled rectangular slot
resonatovs dia fin-iinc/open configurations are derived. These
arc obtained as a modification of the characteristic equation of
the corresponding single resonatcr configuration by the apniica-
tion of shifting theorem., Three cases of coupling configuraticns
have been considered in unilateral fin-line as well as in open
slot configuraticns. They are (1) parallel-coupled resonators
(11) parallel-coupled offset resonators, and (iii) end-coupled
resonators, Effccts of structural parameters on the even- and
vdd-mode resonant freguencies and end-corrections for the above
throe types ot coupled rogsonators in umilateral fin-line {ov
ooth centercd and off-centered fin locations have been studied.
Numcrical results on the resonant frequencies of coupled

resonators in open configuration are also reported.

&~ class of resonators using double dielectric fin-line
with 2n intervening airgap between the two dielectric substrates
is studicd,  The air pgap between the substrates serves ns oo
variable peramcior and provides f{lexibility in the design of
rescnant structures,  Both single as well as edpo-coupled
resonators are consicered. The two substrates carry identical
resonntor poatterns which form mirror images of cacl other,

The variaticns of resonant frequencies are studied as a functicn
of the air gap four two cases; namely, (1) with fins cn ths two

subsorates ioacing each other and (11) with fins facing the



adjecent sidoe walls of the guide., In the sccond cnasc, when
the 21y gay 15 set cgual to zer., the structure reauces tn
oobllaterar ssn~line,  kescnont frequencies of cdpo=-conpled

rescnaturs in bilateral configuration have also been computed,

.
In order to verify the accuracy of numerical results,
cxperiments were carried out on some sample resonator
configurations., The cffect of side walls on the resonant
frequency i single slot resonator has been studicd experimentally,
Resonant frequencies nave been measurea on single slot rescnat.rs
in unilateral fin-line configuration for centered and off-centored
fin lorations at ¥- and Kn-bands and verified with theory.
Similar experiments have *been repeated con bilateral fin-ling
resonators and  compared with the computed resonant frequencices,
Fairly good ~greement is found between theory and experiment in

q

Al these cnses,



CEAPTER 1

bl e e
L] .
[ B NS

Fes

b b
(9x]

CHAPTER 2

INTRODUCTICN

Characteristics ¢f Elct Lines

Review ¢f Slot Rescuators
Characteristics ¢f Fin-Lines

Review of Fin-Linc Resonatcrs

Scope and Urganisation of the Thesis
References

ARNALYSIS OF SLOT RESONATQRS IN FIN-LINE
AND OFPEN COHFIGURATIONS
Introcducticn

Analysis of Single Slct Rescnator in
Unilateral Fin-Line Configuration

Opzen Slot Resonator

Courled Slot Rescnators in Unilaterzl
Fin-Line Configuraticn

Parallel-courling

Parallel-offset coupling

Enc-coupling

Coupled Slct Rescnators in GOpen Configuration
Bilateral Fin-Line Resonator

Odd~moce excitation

Even-node excitation

Broadside-Coupled Slut-Resonators in Cpen
Confipuration

Cuuplecd Resconators in EBilateral Fin-Line
Bruadside edge-coupled rcsonators
Parallel~-ccurling

Parallel-offset coupling

Bruadside end-coupled rescnators

Broadside-Coupled Resonators in Fin~Line
Using Two Dielectric Substrates with an
Intervening Air-Gap

Pace

[

£

11
17
22

29

31

53

4
55
56
56
57
57

58

60
61
61
61
62
62



2.9.1
(a)
L)

2.9.2
(a)
(L)

2.9.3
(a)
)

2.10

CHAPTER 3

(O3]
.
(WY

3.3.1
3.3.2

(&2 B O IR N
. .
i L

CHAPTER 4

(a)
(b)
©)

Single resonator on each substrate

Fins facing each other

Fins facing the sidewalls
Ercadside edre-coupled resonators
Fins facing each other

Fins facing the side-walls
Bruadside end-=coupled resornators
Fins facing each other

Fins facing the side-walls
Conclusicn

References

RESONANCE CHARACTERISTICS OF SINGLE-SLOT
RESCGNATOR IN FIN-LINE AND OPEN CONFIGURA-
TIONS - NUMERICAL RESULTS

Resonance Characteristics of Open Slot
Resonator

Fin-Line Wavelencth

Single Slot Resonator in Unilateral Fin-Line
with Centerca Fins

Resonant frequency 3a the Ka-btand
Resonant frequency in the X-uvand

Single Slot Resonator in Unilateral Fin-Line
with Cff-Centered Fins

Resonant frequency in the Ka-band
Resunant frequency in the X-band
Conclusion
References

RESONANCE CHARACTERISTICS OF COUPLED SLOT
RESONATCRS IN UNILATERAL FIN-LINE AND OPEN
CCNFIGURATIONS - NUMERICAL RESULTS

Cuupled Slot Resonators in Open
Configuration

Farallel-coupling
rarallel-offset coupling
End-coupling

73
75

7¢
76
78

79
79
33
84
86

387

ate]
~J

oD

(e}

o
LYo



o
L] L]
NN
*

ot

(a)

(L)
((c)
4.2.2
4.3

()

(t)

(c)
4.4

(a)

L)

(c)
4.5

CHAPTER 5

5.1

5.2
(a)
)
(c)

5.3

5.3.1

()

3.2

Coupled Kesonators in Unilateral Fin-Line
W1tg Centered Fins . . ) {
Resonant freauencies in the Ka-band

Parallel-coupling

Parallel-cffset coupling
End-coupling

Resonant frequencies in the X-tand

Coupled Resonators in Unilateral Fin-Line
with Off-Centered Fins

Farallel-coupling
Parallel-offset coupline
End~-coupling

End-Effects in Unilateral Fin-Line Coupled
Resonators

Parallel-coupling
Parallel-offset coupling
End-coupling

Conclusion

References

RESONANCE CHARACTERISTICS OF BROADSIDE-
COUPLED AND ERCADSIDE EDGE-COUPLED SLOT
RESONATGRS - NUMERICAL RESULTS

Lbroadside-Coupled Slot Resonators in Open
Configuration

Bilateral Fin-Line Resonator

Eilateral fin-line wavelength

Resonance characteristics in the X-band
Resonance characteristics in the Ka-land
Coupled Resonators in Pilateral Fin-Line
broadside edge-courled resonators
Parallel-coupling

Parallel-offset coupling

bruvadaside end-coupled rescnators

Broadside-Coupled Resonators in Fin-Line
Using Two Dielectric Substrates with an
Intervening Air-Gap

91
92
93
94

94
95
95

9¢

98
99
100
102
163

104
105
105
105
106
107
108
10¢
108
109



5.4.1
(2)
(¥)

5.4.2

Single rescnator on each substrate
Fins facing the sidewalls
Fins facing each other

Broadside edge-coupled resonators with
fins facing the sidewalls

Parallel-coupling
Parallel-cffset coupling

broadside end-couupled rescnators with fins
facing the sidewalls

Proadside ecge-coupled and broadside
end-coupled resonators with fins facing
each other

Conclusion
Re ferences

¢ MEASUREMENT OF KESONANT FREQUENCY AND

COMPARISON WITE TFEORY
Measurement Technigues

Set up fur the neasurement of resonant
frequency of an open slot resvnator

Chuice ¢f slot width for the slot resonator

Set up for the measurement cf resonant fre-
quency of fin-line resonatcrs

Measurement of resunant frequency and
conparison with theory

Open slot resovnators

Fin-line resonators for the X-land
Unilateral fin-line with centerec fins
Unilateral fin-line with off-centered fins
PFiluteral fin-line

F'in~line using two dielectric substrates
with an intervening air-gagp

Fin-line resonators for the Ka-tand
Conclusion
References

CONCLUSIONS

ELECTRIC AND MAGNETIC FIELDS IN TERMS OF SCALAR
PCTENTIALS

109
110
111

111
112
113

114

114
115
117

118

118
120

122

124
124
125
126
127
130

130
131
132
13¢

137

144
147



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

