Microwave Engineering

Chapter 6
Microwave Resonant Circuit

Prof. Jeong, Yongchae
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Learning Objectives

» Understanding about transmission line resonator

» Understanding about coaxial resonator

= Understand QO-factor of transmission line resonator

» Transmission LLine Resonator
» (Coaxial Resonator

= (O of transmission line resonator



G Transmission Line Resonator

=  Shorted transmission line resonator

- Input impedance
2r
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- For parallel LC resonant circuit:
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- In order to have the same frequency characteristics:
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G Transmission Line Resonator

- In order to have the same frequency characteristics (continued)
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- For the coaxial transmission line: = o~/ LC
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G Transmission Line Resonator

* Loaded Transmission Line
- Insert susceptance ““ jB ” on real transmission line;

- Consider
y=a+jp=j(f-ja)
where «: attenuation constant of transmission line

: phase constant of transmission line

- Input Admittance
Y, = jB~ j¥,cothyd = jB~ j¥,cot(f~ je)d

- At the resonant frequency @, with small o, Y,, =0

0=jB~j¥, cot(S(w,)d)

- For |B>>Y,

- B(w,)d = cot™ (?} X N
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Q Coaxial Resonator

[
= Coaxial resonator { d d,
all« e
- TEM mode resonator at VHF and UHF b
1
[ = ﬂ , n=1,2,3,...
Z =jZ, tan(zfdlj Zo -C
- @ resonant frequency (@) _ E |
Z
ZOtan(z—ﬂdlj— ! =0
A o,C i
. . L i ==C
- Resonant frequency is determined by Z,, d, , and C. <_|

- Low O—factor but simple and single mode (TEM mode) operation ‘

for variable resonant frequency. Zi




0 O of Transmission Line Resonator

=  Real transmission line resonator

- O-factor of real (y = a + jp) transmission line resonator
D A
- Length of transmission line: d = 2 at f,,

- Near the resonant frequency (o = oy + Aw)

pd=woNvLCd =w,NLCd+AwNLCd

- Since

tan fBd = tan(a)o VLCd +Aw \/LCd) = tan(72£+ Aw J:Cdj

=—cot(Aw~/LCd)
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e O of Transmission Line Resonator

- Normalized input admittance at around resonant frequency

Y, = Y — coth yd = coth(a + jB)d = :

Y, tanh(a + j f)d ©
_l+jtan fdtanhad 1- jad/Aw JLcd

. Zo> ¥
tanhad + jtan fd ~ ad— j/ Aw LCd

Aw\LCd - jad ad+ jAo JLCd g p -
AwJLCad’ —j 1+ jAwJLCad’ Y; |

n
- Further approximation:

Y, = ad + jAw ZLCd ~ad+ jJAo~NLCd < a and Aw: too small values
1+ jAwad” ~JLC

YR
- Using YO=\/§ and 06:07,

Y, =Y Y =(ad+ jAwLCAd)Y, = lziyozd + jAwLCAY, = ];%d + jAwCd




e O of Transmission Line Resonator

= Equivalent circuit of real transmission line resonator

- Input admittance:

1 .. : :
L= + jwC, < R,: parasitic resistance of inductor
R, + joL,
_ JjoCy(R) + jooLy)+1
- R, + jol,
‘wC,R, — &’ L,C, +1
~ JOCK : @ LGy «— R, << oL, assumed
JoL,

- @ resonant frequency, @;L,C, =1
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e O of Transmission Line Resonator

- Comparison to obtain equivalent circuit element values

Y = Ig—cd + jAwCd

m
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- O-factor of equivalent circuit
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0 O of Transmission Line Resonator

= Example 1
- Open circuited A/2 microstrip line resonator of 50 Q2
- Teflon substrate (¢, = 2.08, tan 0 = 0.0004, and A(thickness) = 0.159 cm) with copper conductors
- Ignore fringing fields at the end of the line.
- W=0.508 cm (50 Q line width), ¢, = 1.8 (effective permittivity), and R; = 1.84 pQ (surface resistivity)
- Compute required length of line for resonance at 5 GHz and unloaded Q of resonator.

Solution: o

- Resonant length with effective dielectric constant (¢,)
A 3x10°

2 2f 2f\/7 2(5x10°) A8
- Propagation constant

2ef 2nf e, _2w(5x10°) 8 br

0 =151 rad/m
C X

=224 cm

p=

P
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e O of Transmission Line Resonator

Solution (continued)

- Approximate attenuation due to conductor loss

-12
g =D R 180 T 6360 Np/m
2w ZW 2x50x0.00508

<R [Q/m?], m* =widthx length [1m]=width(W)

- Approximate attenuation due to dielectric loss
ke, (6,—1)tanS 104.7x2.08x(1.8—1)x0.0004
T 2fe(s-1) 2/1.8x(2.08-1)
- Total attenuation with ignoring radiation loss
a=a,+a,=0.0362+0.024 =0.0604 Np/m

=0.024 Np/m

- Unloaded Q of the microstrip resonator

Q_ﬁ_ 151
" 2a  2x0.0604

1,250
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e O of Transmission Line Resonator

= Example 2
- A 1/2 copper coaxial line witha=1mm , b =4 mm, ¢, = 2.08, and tan 0 = 0.0004.
- Conductivity of copper o=5.813 X 107 S/m

- Intrinsic impedance of electric material filled coaxial line: 7 = 377 and surface resistivity Rg=1.84 X< 102 Q.

- Resonant frequency: 5 GHz
- Compare the unloaded Q of an air-filled coaxial line resonator to Teflon-filled coaxial line resonator.

Solution:
- Propagation constants of each dielectric material (symmetrical &

homogenous materials)

2nf _2xf\Je, _27(5x10°)V1

i = =104.7 rad/m
ﬁall‘ Vp C 3X108
27 F 27(5%10%)~/2.08
Prefion = 27f _2INE ( 3 10)8 =151.02 rad/m
c X

p
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e O of Transmission Line Resonator

Solution (continued)

- Attenuation due to conductor loss for the air-filled line

s - B 11)2 1.84x107 (1 1

| —t+— + J=0.022 Np/m
- (bj a b (0.004)\0.001 0.004
2nln| — —

2x377x1In
a 0.001

- Attenuation due to conductor loss for teflon-filled line

o __Ris _1.84x107xV208
¢ Teflon — -
21 1n b 2x1In 0.004
a 0.001

- Dielectric loss of air-filled line: a = 0.

c air

1 + 1 =0.032 Np/m
0.001 0.004

- Dielectric loss of teflon-filled line

Je 104.7x +2.08 x0.0004
5 tan o = 5

=0.03 Np/m

adﬁTeﬂon = kO
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0 O of Transmission Line Resonator

Solution (continued)

- Unloaded Q of air-filled coaxial transmission line resonator

.. 104.7

= =2,379.5
ta, ) 2x(0.022+0)

Oy = 2(0{

c_air

- Unloaded Q of teflon-filled coaxial transmission line resonator

B _ 15102
2((ZC_Teﬂon +ad_Teﬂon) 2X(0032+003)

QTeﬂon - = 1,218

- Thus, it is seen that the O of the teflon-filled line is almost half that of the air-filled line .
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e Review

=  Transmission line resonator
=  (Coaxial resonator

= Unloaded Q of transmission line resonator
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