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Loss-less or lossy ?

Check whether S-matrix can be unitary or not.
(1) Isolator
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Isolator is never a loss-less device.
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Circulator can be a loss-less device.
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Microwave response of magnetic material

Apply a magnetic field along the z-direction, then

Poldar’s tensor

y T

Ko o~k 0
lul= 1wy jx w0
L 0 0 Iurz y
B Faraday rotator
/urz zl

w,=—-MH, (y=-2.8MHz/Oe)
o, =—)M, (M, saturation magnetization)
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Electromagnetic field in magnetic material

it ot
H and B of RF field : he?” pe’”

right-handed circularly polarized wave:

h, =ih, +jh, S
h, = -jh, b, =yl jx w0 |-jh,
. O O 0
h, = Re[e’] = cos wt ‘ - ﬂ”‘_-- -
ot T (:ur o K)hx
hy - Re[_Je ] - COS(a)t - E) = /uO o J(lur - K)hx = IUO(lur - K)
- O -
left-handed circularly polarized wave: - e o n
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h — 4 h b— = /uO JK /ur O +Jhx
y J X y ‘ O O Il,lrz O
h, =Rele’]| = t - S )
. =Re[e’]|=cosw (1, + K)h.
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Faraday rotation

linearly polarized wave:e, = E,coswt, e, =e, =0
ie =1iE, cos ot
EO

T E T
=9 fjcos wt + jcos(wt — =) + —2|{{i cos wt + jcos(wt + —
> { Jcos( 2)} > { Jcos( 2)}

r-circular polarized |-circular polarized

U s=ofaufi=—) [l 5 -ofaufn

%{i cos(ot — B,z)+ jcos(at - % - p.z); % {ilcos(wt - B 2] - jisin(ot - B .z}

icos(wt - B z)H|jsin(wt — S,2)

Eq
2

e, = %{cos(a)t —p.Z)+cos(ot-p z)}=E ;’8+ zjcos(a)t— 2 ;A zj

e, = %{sin(a)t — f.z)—sin(wt - f z)} = E, sin(’g ;’B+ Zj cos(a)t L ;'B+ zj

y

Angle of polarization rotation: ¢, = - ;ﬂ+ z= w; W =iz

D (it + 5) = 11011, — K))2

2 —
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Faraday rotation

+z propagation

x,

ILl+ :IUO(IUT _K)
z M= polp + k)

‘9F = 0)\2/2 (\/Z_\/Z)L

y
Faraday rotator - ”f (Wi 2t + K) = i1, = )L
-Z propagation « H-field reversed H, —>-H, M, —-M,

K—-K
:u+ = luO (Iur + K)
Mo = Ho(p, — K)
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Faraday Isolator

polarizer + Faraday rotator + polarizer

.Angle

Forward: rotation angle 6. O




Edge-guided mode
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OE, : :
' ay :_Ja)/uo(.l’d_ly_i_/uer)
oH 6Hy _ 2 2
zZ _ = a)gE a Ex 6 Ex
L ay az J X ayQ T 822 +a)2/u0’uefngx = O
Hy =t (e By W= _,
WL, (:ur —K ) 0z Hy ay U, eff

kK OE . OE ‘
Hz a ( X_J X)
0

WL, (,Ur2 - Kz) M OZ oy 62E
X 2 2 _ o
ayg = (ﬁ - ﬂoﬂeffg)Ex (6_2 - _Jﬂ)

13-8



Edge-guided mode

O’E, .o 5 B .
oy’ =" -o /’lOll'leffg) x (g—_‘]ﬂ)

0

B, = (Ae + Bl ¥ a - {F - aPtiigs

E. =0 at y=o
L E_=Ae e

1 .
Hy = 1 ,B—ﬁa E = (ﬂ_ﬁa]Ae—aye—Jﬂz
WOy Moy K, WOy Hopr H,
Hz = J o — £ﬁ Ae_aye_jﬂz
a)/uOlueff /ur EX, Hy

H,=0on y=0

K
a=—_/p a:\/,b’Q—a)QyOyeffg
1, y

l IR ONY Iy IR
azﬁa)w/,uo,urg H, = / ¢ Ae e i
/LlOlLlr

r

13-9



Edge-guided mode

Reversing the propagation direction (3-->-f3)

_ﬁ ‘ A pack™ ( p) = ~ forward
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Junction type circulator

eigen excitation of 3 port rotationally symmetric circuit

1 1 1
u, :l 1 u, :l o 27 /3 u :l oJ27/3
3 1 3 el?7/3 3 e—j27r/3
1
S, = g(So +S, +S.)
S Ss Sy ) , ,
_i2a 2,
Sy S Sy [U; =S, ‘ Sy =§(SO +e ° S, +e’ S))
_Ss1 Sy Sy . 2 2,
N —g(SO+e 5SS, . +e °S)
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Junction type circulator -- design

basic configuration: 27”1? £, ~1.84

U, excitation: 4, Disk center is replaced with open circuit.
0
SO = €J¢O fO . disk center - port electrical |€Ilgtll

U, excitation: . mm®) 4 L,//C

1
-Z,
JjoC + — ! -Z . +] a)’l;*LO
S = JC()ILI+LO — l1-w Iu+I’0C — e]¢+
! +Z, Z + a)él+L°
ioC+— 1 1-w u L,C
JC{),LI+LO

U excitation: 1 ‘ wlL,//C
g oL wu_L,

/ 1- COQ,U_LOC Jo-
S. = wu_L - ¢
Zc + J ILQJ_ 2 —
l-o°u L,C 13-12



Junction type circulator -- design

Mg, Ho ==> fos M5 H o=
st Tlp 77 er My Mo
=) g =~
disk and line structure --> L, C -
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Junction type circulator -- design

T T

S,=e”,S, =e’3,S =e’s

O -1 O
S={0 0 -1 Circulator !
_—1 O O |
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Application of circulator

(1) Bi-directional transmission

(2) Isolator is constructed in combination with an anti-reflection terminator.
(3) Applicable to a phase modulator

(4) Add Drop Multiplexer (ADM)

Circulator

Circulator
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