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3-dB Couplers/splitters
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WDM Couplers/splitters
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Optical Mode-coupling and Devices

WDM Couplers/splitters
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A1+ A2
A2, 1550nm
Insertion loss
Port3to 1 20dB
Port 3to 2 0.3dB
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Couplers/splitters, working principle — optical mode coupling

1— Al(2) — 3
5 _, A2(z) Un-connected port
0 L
MWD a0 BE o A@=AO
dz Without coupling 0z
dA(;(Z) =iKAl(Z) M:O AQ(Z)ZAZ(O)
Z dz

Mode-coupling equations, phase matched case
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Couplers/splitters, working principle — optical mode coupling

dAld(Z) _ixA (2) d IAld( ) [ NG dAl(Z)+Al( )dAl(Z)
dAé(z) A = A (2)ixh, (z) + A (2)(-ixA, (2))
d lAé( ) [ NG dAz(Z)+A2( )dAz(Z)
= A, (2)(ixA (2) + A (2) (KA (2))
l— Al(2) — 3
2 — A2(2) Un-connected port

Lecture 4

2 (ar +[af)=o

Energy conservation
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Optical Mode-coupling and Devices

WDM Couplers/splitters, working principle — optical mode coupling

l— Al(2)
5 _, A2(z)
Fused fiber

|

_>3

Un-connected port

0
dA(2) _.
22— ity (2)
dA(2) _.
22 =i ()

d*A(2) _ -Ki _ 2
e dZAz(Z)— A(z)

A (z) = Acos(xz) + Bsin(xz)
A, (z) = Ccos(xz) + Dsin(xz)

A, B, C, D are determined by the
initial conditions

Lecture 4
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Splitter

Un-connected port

100%

80% +

60% +

40% -

20%

0%

Optical Mode-coupling and Devices

A,(2) = iA (0)sin(xz)

AL(Z) — 3
A2(z
(2) .
—AL(2)
________ — A2(2)
0 0‘.1 0‘.2 0‘.3 0‘.4 O‘.5 O‘.6

0.7
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For A1(0) = A1, A2(0) =0
A (z) = A(0)cos(xz)
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2 to 1 combiner

l— Al(2)

A2(z)

2 —»

A (z) = A (0)cos(xz) + Bsin(xz)

A, (z) = A,(0)cos(xz) + Dsin(xz)
A (z) = A(0O)cos(xz) +iA,(0)sin(xz)

Initially, A1(0), A2(0)
A1(0) = A2(0)

Un-connected port

dA(z) _
dz

Similarly

=16A,(2) — A (z) =iA(0)sin(xz) —iB cos(xz)

B =iA,(0)
D =iA(0)

Lecture 4

z=0
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2 to 1 combiner

l— Al(2)

A2(z)

2 —»

A (z) = A (0)cos(xz) + Bsin(xz)

A, (z) = A,(0)cos(xz) + Dsin(xz)
A (z) = A(0O)cos(xz) +iA,(0)sin(xz)

Optical Mode-coupling and Devices

Lecture 4

Initially, A1(0), A2(0)
A1(0) not eq. A2(0)

Un-connected port

dA(z) .
Aéi )=|KA2(Z) — A/ (z) =iA(0)sin(xz) — iB cos(xz)
. z=0
B =iA,(0)

Similarly D = iA (0)

100%

80% -+

—A2(2)
40% -~
20% -
0% ‘ ‘ | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7



EE16.468/16.568 Optical Mode-coupling and Devices Lecture 4

1 — .3
A1, 980nMm Al(Z) WDM coupler
A2, ;550nm A2(2) | .
Fused fiber n-connected por

No coupling between two different wavelengths

For A1, 980nm Initially, A1(0, A1), A2(0, A1) =0

A (z) = A (0)cos(x;z) + Bsin(x,z) dp&(z)_lchz(z) — A(2) =iA(0)sin(xz) - |Bcos(/<‘z)

A(2) = A(0)cos(x;2)

dA, (2)
dz

A,(z) = Dsin(xz) =iKA(z) —— A(z)=iDsin(xz) | z = 0

A(2) = 1A (0)sin(x;2)
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1 —

A1, 980nm
A2, 1550nm

2 —»

For A2, 1550nm
A(2) = Bsin(x,z)
A(z) =1A,(0)sin(x,2)

A(2) = A,(0) cos(x,2)

Optical Mode-coupling and Devices Lecture 4
AL(Z) — 3
A2
2) Un-connected port
Initially, A1(0, A2)=0, A2(0, A2)
d :
%= Ay (2) —» A, (2) = iBcos(xz)
z z=0
100% I
: —— Al(z, 980)
i —— Al(z,1550)
80% - I
60% - :
40% :
20% -+ E
0% T : T \ T ‘
0 0.1 0.2 ! 0.3 0.4 0.5 0.6 0.7
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A2, 1550nm
1 — Al(2) — 3
Al, 980nm
2 — A2(z) Un-connected port

For A2, 1550nm Initially, A1(0, 12), A2(0, 22)=0

A (z,1550) = A (0) cos(x,z)
For A1, 980nm Initially, A1(0, A1)=0, A2(0, A1) !

A (z,980) =1iA,(0,980)sin(x;z) 100% i /\

[0) .
80% —— Al(z, 980)

—— A1(z,1550)

60% -

40% -

20% -

0%
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A2, 1550nm

1 —

A1, 980nm

Un-connected port

For A1, 980nm

Optical Mode-coupling and Devices

Al(z)

A2(z)

Initially, A1(0, A1), A2(0, A1) =0

A (2,980) = A (0,980) cos(x;, )

100% _
1
i
i
o | !
80% : —— Al(z, 980)
: —— A1(z,1550)
1
60% - ;
1
i
40% - :
i
i
20% - :
i
1
0% T . T T T T
0 0.1 02 ' 03 0.4 0.5 0.6

0.7

100%

80% -

60% -

40% -

20% +

0%

For A2, 1550nm

Initially, A1(0, A2), A2(0, A2)=0
A (z,1550) = A (0) cos(x,z)

Lecture 4

A

— A2(z, 980)

—— A2(z,1550)
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Waveguide gratings

Al(z)
A2(z)
= A (2)ixA,(2) + Al(Z)( A, (2))
dAgz(Z) — i, (2
d |A§z(z)| NEE RN )dAz(z)

= A, (2)(-ixA (2) + Az(Z)(IKAl (2))

L a@f -[aw)r)-o0
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Waveguide gratings

Al(z)
A2(z)
dAld(Z) = ixA, (2) @ Al(z) 'KiAz(Z) =x'A(2)
dA(z) _ . A (z) = Acosh(xz) + B sinh(—xz)
25 =ik (2)

A, (z) = C cosh(xz) + Dsinh(—x«z)

A, B, C, D are determined by the
initial conditions
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Waveguide gratings

AL(2)],-0 = AL(0)

Al(z)

A2(z) A2(z) )l,-. =0
dAldiz) = KA, (2) A (z) = AL(0) cosh(xz) + Bsinh(xz)
dAé Z(Z) __ixA(2) AL(0) sinh(xL) + B cos(xzL) = 0
A(z) = A1(0)|:C03h(l(2) - ;2:‘]((";)) Sinh(,(z)} _ AL(0) coz(r;;((zldj)L)
A(2) = A0 TTAU D)

cosh(xL)
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Waveguide gratings

Optical Mode-coupling and Devices
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AL(2)],-0 = AL(0)

28 A2(z))|,-. =0
B a2 —
Bl a2 —m
NORORE S"h((Z)L) e
A= A0 T | N
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Ring resonators

Er_'uut Ehin- 0
P T Q
| I = |
: |I E.’-j* :
|
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[ b /! gl
11 g8y
: \‘Hh-...q--:ff
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Optical Mode-coupling and Devices

Eout = JKbl +t*Ein’

a, =—jk'E, —th,

[Eou|*= (jab, +t'E; )(— &b +1tE})
= el Ib,| +|E['l1" - ix" Bt E,, + jxbytE;,

‘al‘zz (_jK*Ein _tbl)(jkEiT] _t*bl*)
= el |E.|" + o[ |1 + jx Bt E,, — jxbytE;,

‘Eout
= (uf" + {1 )l +[of") = (Ew[" +[orf)

*fa” =i oy + [l 1" [l B+ oo

o+ =1

Lecture 4
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Ring resonators

Enut Eir'|=
P T Q
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Optical Mode-coupling and Devices

Eout = JKbl +t*Ein’

ol

a, =—jk'E, —th,

E.:l

n H

—JK*

(a, +1by),

1

Eout = ijl +t A (al +tb1) =
K

Eout - 1 " (t*al + bl)
Ein = 1 " (al +tb1)’

Eout _ 1 t* 1 al
Ein _jK* 11 bl

P

=1

_i*t"‘al +[t b, + |« by)

Lecture 4
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Ring resonators

Enut E in_ 0 _

P T Q b, = dlem
| /”ﬁ\ | y ¢=p(R)

I | ! —
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Ring resonators

Enut Ein=[J
P T Q
N "] i 1|
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Optical Mode-coupling and Devices

Elout = _jK*Cl +t*E'in J
d1 = jKE'in_tcl'
E' ol = \Kﬂcl\z + \E'inﬂt\z + jxCt'E, — jx"CtE"

4, = 6B P + eI + it~ JaetE,

Cl - 1 % (t*Elin+Elout )’
— JK
1 2 1 1 1
dl = . % (‘K‘ E in+‘t‘E in +tE out )1
— JK

¢) 1 (t 1)E,
d) -jx" (1 t\E'y

Lecture 4
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Ring resonators

f.'ILJ[

Optical Mode-coupling and Devices Lecture 4

E..) 1 (t° 1)a) 1 (t 1)e’” 0)¢
E.) -Jx" (1 t)b) —jx"{1 t| 0 e”)\d

Eout = MllElin+M12E'out = Mlel

EI
E

1
My,

out __

E's |’ }

out OUt |

Ein = I\/|21E'in+|v|22E'out = I\/|22Elout
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Ring resonators

Ein=0
P T Q

Optical Mode-coupling and Devices

nl=1;

lamda = 1.538:0.0000001:1.539; %in um

beta = 2*pi./lamda;

R = 10/(2*pi*nl);

kapa = 0.005;

F = 1/kapa2;

pha = beta*pi*R*n1;

t = sqrt(1-kapa”2);

P(1,1)=t;

P(1,2)=1;

P(2,1)=1;

P(2,2) =t;

P = P/kapa;

for m = 1:length(lamda)
T(1,1) = exp(-j*pha(m));
T(1,2) =0;
T(2,1) =0;
T(2,2) = exp(j*pha(m));
M = P*T*P;
Tr(m) = (abs(M(1,2)/M(2,2)))"2;

Trr(m) = Tr(m)*(abs(1/M(1,2)))"2;

end
plot(lamda,Tr);
hold on;
plot(lamda,Trr,'r");
zoom on;

hold off;

0.91
0.8+
0.7+
0.61
0.5¢
0.4
0.3
0.2
0.1

oF
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