/ Chapter 6 Microwave Resonators \

6.1 Series and parallel resonant circuits
series and parallel RLC resonators, quality factor Q
6.2 Transmission line resonators
AJ2 and A/4 resonators
6.5 Dielectric resonator
concept
6.6 Excitation of resonators
coefficient of coupling, gap-coupled microstrip resonator
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/ 6.1 Series and parallel resonant circuits

e series RLC resonator
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/ average energy stored W, +W. \
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/ o parallel RLC resonator
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/Discussion \
1. At resonance, Wm=We, Pin=Ploss

2. Near resonant frequency
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/ (derivation of series resonator case) \
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(derivation of parallel resonator case)
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4. Locus of r=x on the Smith chart
(derivation)
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5. Lossless resonator — lossy resonator: « — ooo(1+i)
(derivation) 20

series resonator Z, = j2AoL = j2(o—o,)L
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6. Unloaded Q, Qu, loaded Q, QL, external Q, Qe
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/ 6.2 Transmission line resonators

e Short-circuited A/2 line R L (T:|
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/ e Open-circuited A/2 line
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/ e Short-circuited A/4 line \
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/Discussion

1. Transmission line resonator o(w ) = 22
7 2a

2. Ex. 6.1 A/4 coaxial line resonator, b=4mm, a=1mm, f=5GHz,
Teflon er=2.08, tand=0.0004, calculate Qair and QTeflon

2 104.7 air
Q:B_O’ BOZM: , a=a,+a,
20 c 104.7/2.08 Teflon
oy, )
o, = bRsl 1 =0.022Np I m, R, = \/ 26 =1.84x107Q
2n|na(a+b) o =5.813x10"S/m copper

k
Teflon o, = \/;

= tand =0.03Np/m

104.7
2x0.022

_
= ¢ 104.7+/2.08

= 2380 air

> %(0.022+0.03 =1218 Teflon
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calculate resonator length and Q.

Z,=30 — W =508mm, ¢,

J=Lo o  _224cm
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/ 3. EX. 6.2 A/2 open-circuited microstrip resonator, Zo=50Q2,

h=1.59mm, Teflon substrate ¢r=2.08, tan=0.0004, f=5GHz,

~




KFor comparison, \

EXx. 6.3 rectangular waveguide cavity resonator, er=2.25(polyethylene),
tan5=0.0004, f=5GHz.

TE101 mode d=2.2 cm, Qc=8403, Qd=2500, Q=1927

TE102 mode d=4.4 cm, Qc=11898, Qd=2500, Q=2065

Ex. 6.4 Teflon-filled cylindrical cavity, er=2.08, tan5=0.0004,f=5GHz.
a=2.74cm, d=2a=5.48cm, TEo11 mode Qc=29390, Qd=2500, Q=2300
air-filled cylindrical cavity, TEo11 mode a=3.96¢cm, d=2a=7.91cm,
Qc=42400

5. In general
Qspherical > Qcylindrical > Qrectangular > Qcoaxial > Qmicrostrip

6. Application of resonator: frequency selective component (w,, Q)
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/ 6.5 Dielectric resonators

TE...mode o=—
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Ex.6.5 ¢ =95, tans =0.001, a =0.413cm
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/ 6.6 Excitation of resonators

» Critical coupling Zin(wo) =Zo
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coefficient of coupling g =




/ » Gap-coupled A/2 open-circuited microstrip resonator \
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/ Discussion
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/ 2. Types of excitation for microwave resonators (p.291, Fig.6.13)

E coupling = C, H coupling = L
3. Gap-coupled A/2 open-circuited microstrip resonator

G _20)1) lossless
(@=L O
z (®) = = <
" Z s m(o—o R+ j2LAw
o : LI 21)(: J ) lossy
\ZQch ('Olbc ZO
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5. EX. 6.6 A/2 open-circuited microstrip resonator ,Z0=50Q2, /=2.175cm,
eeff=1.9, a=0.01dB/cm, calculate C for critical coupling and fu.

A
uncoupled line: / =n—% = —° — f, =5GH:z
2 2f Seﬁ”
O =P - 2" _ " _gogp = |- 005 C=- —0032pF
200 ZKgOL 2lo 20, oZ,

tanB/+bH, =0— f, =4.918GHz




ﬂ)lved problems: Prob. 6.22 A parallel resonator, calculate Co for critm

coupling and fo.

H ’ R=1000Q), L=1.26nH,
Zo Co [ <R 3 LI C C=0.804pF, Zo=500

———— @

Yin
Y (@)~ L+ 2200 _10-3+j25.2><10-3ﬂ 0 =R _2530 =—1_=314x10°
R Ro, o, o, L VLC
>y, =50xY, =005+,253°2 -t 1 4 05—t _.-436
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_a A0 55350 20 4 0ge
1+a 20 o, o,
— f = f —0.086f, = 4.57GHz
1

=4.36 > C =0.146 pF
o,CZ,
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terms of g

b. 6.25 A two-port transmission resonator (Q, wo, @), find Pt/Pi in

zo <R3IL-C 7z = Zo |z| 2z
S R 4 B 10 h
Adl 2000’ C D| 1 1 13
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Z Z  20a0Z
P Hz_ 2 2_ , P Z R I R L Z,_ 1, 2000
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_ 4 4g° P 28
—’(600)=( )
e R £ (142, PPy BT e
gm
Suggested homework (due2weeks) 4,6, 8
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