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Loss-less or lossy ?

Check whether S-matrix can be unitary or not.
(1) Isolator
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| solator is never aloss-loess device.
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Circulator can be aloss-loess device.




Microwave response of magnetic material

Apply a magnetic field along z-direction, then
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w, =-M . (M, :saturation magnetization)
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Electromagnetic field in magnetic material

|
H and B of RFfield: h€'
right-handed circularly polarized wave:
h, =ih +jh,
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left-handed circularly polarized wave:
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Faraday rotatoion

linearly polarized wave: e =E,cosat, e, =¢, =0
le, =IE, cosat
B
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(i cosct + j cos(at —’—27)} +%{i cosat + j cos(at +’—27)}

r-circular polarized |-circular polarized

ﬂ& = W\l (4, —K) ﬂﬂ_ = |ty (4, +K)
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{sin(et - B.2) —sin(at — B.2)} = Eosin('g‘ ;B+ zjcos(cd —&zﬁ zj

Polarization plane rotates by an angle 6, = - ;8+ zzg(ﬁ—\/z)

inthereversedirection: Ho — ~Ho 4. = Ho(H, +K) :> _@
Mg - =M p = po (i, =) "



Isolator

polarizer + Faraday rotator + polarizer

Polarizer

Faraday rotator
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Y Polarlzer

edge guided mode



Edge-guided mode
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Edge-guided mode
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Edge-guided mode

Reversing the propagation direction ([3-->-[3)
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Junction type circulator

eigen excitation of 3 port rotationally symmetric circuit
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Junction type circulator -- design

basic configuration: 2772 RyE U, =1.84

U, excitation: 1, mmm) Disk center isreplaced with open circuit.
S, =e'® @, disk center - port electrical length (R,j,)

U, excitation: y, mmm) u.L,/IC
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Junction type circulator -- design

Ms’ HO > e Moy HC |:‘> T

disk and line structure--> L,,C




Junction type circulator -- design
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Application of circulator

(1) Bi-directional transmission

(2) Isolator is constructed in combination with an anti-reflection terminator.
(3) Applicableto a switch

(4) Add Drop Multiplexer

Circulator
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