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3-dB Couplers/splitters 

50%

50%50%



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

WDM Couplers/splitters 

λ1, 980nm λ2, 1550nm
1
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Port 1 to 3 0.2dB

Insertion loss

Port 1 to 3 20dB
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WDM Couplers/splitters 

λ1, 980nm
1

λ2, 1550nm λ1 + λ22
3

Insertion loss

λ1, 980nm

Insertion loss

λ2, 1550nm

Insertion loss

Port 3 to 1 0.2dB
Port 3 to 2 20dB

Insertion loss

Port 3 to 1 20dB
Port 3 to 2 0.3dB
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Couplers/splitters, working principle – optical mode coupling 
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Couplers/splitters, working principle – optical mode coupling 
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WDM Couplers/splitters, working principle – optical mode coupling 

1 3A1(z)

Fused fiber
2 Un-connected portA2(z)
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A, B, C, D are determined by the
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A, B, C, D are determined by the 
initial conditions
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Splitter
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2 to 1 combiner
I iti ll A1(0) A2(0)
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2 to 1 combiner
I iti ll A1(0) A2(0)
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WDM coupler1 3A1(z) WDM coupler

Fused fiber Un-connected port

A1(z)

A2(z)
2

λ1, 980nm

λ2, 1550nm

Fused fiber

I iti ll A1(0 λ1) A2(0 λ1) 0F λ1 980

No coupling between two different wavelengths
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1 3A1( )1 3

Un-connected port
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1
λ2, 1550nm
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λ2, 1550nm
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Waveguide gratingsg g g

A1(z)
A2(z)

)()(1 AizdA )()()()(|)(| *
11*

2
1 zdAzAzdAzAzAd

+)()(
2

1 zAi
dz

d κ=

)()(
1

2 zAi
dz

zdA κ−=
))()(()()(

)()(

*
212

*
1

11

zAizAzAizA
dz

zA
dz

zA
dz

κκ −+=

+=

))()(()()((

)()()()(|)(|

*
121

*
2

*
2

2
2*

2

2
2

zAizAzAizA
dz

zdAzA
dz

zdAzA
dz

zAd

κκ +−=

+=

( ) 0)()( 2
2

2
1 =− zAzA

dz
d



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

Waveguide gratingsg g g
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Waveguide gratingsg g g
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Waveguide gratingsg g g

A1(z)

A1(z)|z=0 = A1(0)

A2(z) )| = 0
A2(z)

)()(1 AizdA

A2(z) )|z=L = 0

100%)()(
2

1 zAi
dz

d κ=

)()(
1

2 zAi
dz

zdA κ−=
80%

100%
I1(z)
I2(z)
I1'(z)
I2'(z)

)cosh(
)(cosh)0(1)(1 L

LzAzA
κ

κ −
= 40%

60%

)cosh(
)(sinh)0()( 12 L

LzAzA
κ

κ −
=

0%

20%

0 0.1 0.2 0.3 0.4 0.5 0.6 0.70 0.1 0.2 0.3 0.4 0.5 0.6 0.7



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

Ring resonatorsg
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Ring resonatorsg
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Ring resonatorsg
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Ring resonatorsg

,'' 1 inout EtcjE ∗∗ +−= κ

,' 11 tcEjd in−= κ

∗∗∗∗ −++= inininout tEcjEtcjtEcE ''' 11
222

1
22 κκκ

ininin EtcjtEcjtcEd '' 11
22

1
222

1
∗∗∗∗ −++= κκκ

1 ),''(1
1 outin EEt

j
c +

−
= ∗

∗κ

),'''(1 2
1 tii tEEtEd ++= κ

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ∗

∗
out

in

E
E

t
t

jd
c

'
'

1
11

1

1

κ

),(1 outinin tEEtE
j

d ++
− ∗ κ

κ

⎠⎝⎠⎝⎠⎝ outtj 11



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

Ring resonatorsg
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Ring resonatorsg
n1 = 1;
lamda = 1.538:0.0000001:1.539; %in um
beta = 2*pi./lamda;
R = 10/(2*pi*n1);
kapa = 0.005;
F = 1/kapa^2;F = 1/kapa 2;
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;

0.7

0.8

0.9

( )
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;

0.3

0.4

0.5

0.6
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');

1.5384 1.5384 1.5385 1.5385 1.5385 1.5385 1.5385 1.5385

0

0.1

0.2
p ( , , );
zoom on;
hold off;


