12.Resonator

Operation principles and designs are addressed in several types of resonators.
Also, the class includes an important parameter, Q factor.

12.1 Transmission line resonator
12.2 Ring resonator

12.3 Application to a wavelength meter
12.4 Q factor



Resonant condition : transmission line

Current flowing in a series connection of Z, and Z,:

E
AR VA
Z,+7Z,=0 :> I = (resonance)

Circuit can be divided into two at an arbitrary position.
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Example : transmission line terminated with short circuit:
input impedance (lengthl) Z. = jR tan/fl
R (tan Bl +tan Sl,) =0
tan S, + tan S, 0
1 —tan I, tan S,

tan B(/, +1,) =

Pl +L)=mx

S+ =m§ (m=12,...)




Resonance : voltage and current distribution

V() =V +7,e

1) = e —ve)

=0aty=0 ) V,=-V,
V(y)=Vl.(ejﬁy —e‘jﬁy)=2le. sin fy
](y):? 2cos fy

1) =2 Rel(p)e™ | = 242 sin fy cos (ot + =)

i(y,t)= 2«/5%%5 Sy cos wt
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(a) The phases of fields (voltage and current) are not a function of position
(constant in the cavity).
(b) 90-deg phase difference exists between a magnetic and an electric field.




Q facotr

Quality factor of resonator:

1 2
L » 27*27(01"[0 ‘ Maximum energy stored in an inductance
Q=2nf)— = = Wy . :
R 1 R‘ 7 ‘2 Energy dissipated in one cycle
5 "o

1f conductor loss 1s dominant:

R, = L (o : skin depth) 1s a surface resistance.

oo
‘i‘ = ‘Hz ‘ (H, : a magnetic field component tangential to a conductor suface)

. . . wL w w
Transmission line : Q=——>" I R OG: 2005 :2:30
R+G— —+— =
C L C 4LC



External Q

total Quality factor :
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13.Multi/Demultiplexer

13.1 Equivalent circuit of a resonator

13.2 Band-pass filter

13.3 Band-stop (band-reject) filter

13.4 Demultiplexer (mainly used in lightwave circuit)

Arrayed waveguide grating (AWG)

Mach-Zehnder interferometer



Equivalent circuit of resonator

short-open transmission lie

1 T
Y =——cotfl =
TR P :> resonance at £/ :
1 1 1
Y, =?cotﬂl = —jR—cot(a)q/gyl) = —jR—cot(a)rq/gul+Aa)1/5ul)
..] C C C

open short

1 T 1 1 7 Aw
=—j—cot(—+Aweul)~ j—Aweul = j———
% (2 Veul) % 1 ]Rc2a)r

C C

L, /IC, :> Y =joC,+ 1 = j(o. +Aw)C, + 1

jol, (@, +Ao)L,
1 A 1 A
= j(w, +Aw)C, +— - 2% = jAwC, +j——a)
jo L, o, wl, o
= jJAwC,| 1+ : = j2AwC
) a)rzLeCe }




Band-pass filter

Line - resonator -line

c Ky, Kot electrical length
/—< S~ 7N a between resonators
Qe1 en
O Res,, [ Res. [~ | Res. O d=0 : double size
(2R, 2L), invariant Q
H
~|  d=n/4: transformer
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Band-stop filter

at resonance condition : Resonator prohibits transmission.

Loss

Dielectric
resonator

AV

\ 4

frequency



Demultiplexer : AWG

Arrayed waveguide grating (AWG)

path difference AL :> (n,dsm@+n,AL)k,

in-phase condition
(n,dsin@+n ALk, =2mrx
n.dsind+n AL=mA
mA—n AL
n.d

C.sin @ =

Lightwave of wavelength A focuses at angle 0.



AWG wavelength sensitivity

ndsin6, +n,AL =ml,

ndsinb, +n AL =mA,

m(A, —A,)=mAAl =nd(sinf, —sinb,)
=n.d(sin@ —sin b, cosAf —cosd, sin Ab)
~—n . dA0cosl

—n,dcos6

LA = AO

m
angular displacement -(lens with focal distance f) --> spatial displacement

Av=mo=——""
n.dcost

A -mf
" AA n.dcosé




Mach-Zehnder interferometer

1 3' 1' 3
O_ ¢1 _O
3dB 3dB
O_ d)z _O
2 4 2' 4
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1 1 B
0 0 —  —j—= 0
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Mach-Zehnder interferometer

When the phase difference 1s

(a) controlled by an external field:

2nrw .
P =P = { 2n-)x mm) switch / modulator

(b) dependent on frequency :

0, (f) = (f) = { (221?1)7[ :> demultiplexer

(c) dependent on propagation direction :

2nr .
Py — (01‘i = 2n-1)x :> circulator
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