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Optimization of a polymer four-port microring optical 
router with three channel wavelengths∗ 
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Optimization and simulation are performed for a polymer four-port microring optical router with three channel wave-

lengths, which contains four-group basic routing elements with two different ring radii. In terms of microring reso-

nance theory, coupled mode theory and transfer matrix method, expressions of output power of basic routing element 

and optical router are derived. In order to realize single-mode propagation, low optical transmission loss and phase 

match between microring waveguide and channel waveguide, the device parameters are optimized. With the selected 

three channel wavelengths of 1550 nm, 1552 nm and 1554 nm, characteristics are calculated and analyzed, including 

output spectrum, insertion loss and crosstalk. Simulation results indicate that the device has 12 possible I/O routing 

paths, the insertion losses of three channel wavelengths along their routing paths are within the range of 0.02−0.61 dB, 

the maximum crosstalk between the on-port along each routing path and other off-ports is less than −39 dB, and the 

device footprint size is ~0.13 mm2. Based on the proposed structure, through proper selection on ring radius, the rout-

ing structure can also be used for other channel wavelengths. Therefore, the designed structure shows wide applica-

tions in integrated optical networks-on-chip (NoC).  
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In the photonic networks-on-chip (NoC)[1-4], the optical 

router[5,6], consisting of optical waveguide and optical 

switches, can realize the routing optical signals to the des-

ignated destination. Mach-Zehnder interferometer (MZI)[7], 

directional coupler (DC)[8], and microring resonators 

(MRRs) are promising candidates for very large scale 

integrated optoelectronic circuits[9-11]. Passive optical 

router, also named wavelength router, is an alluring op-

tion for no power consumption[6,12]. In this paper, using 

polymer materials, we propose a kind of four-port pas-

sive optical router. For obtaining small ring radius, air, 

with a refractive index of only 1.0, is chosen as the 

cladding material besides the polymer waveguide core 

(refractive index of 1.59). Under this condition, the 

radius of the microring resonator is decreased to 

13.7-14.0 μm. This will be helpful for decreasing de-

vice footprint size.  

The structure model of the designed four-port polymer 

optical router is shown in Fig.1(a). The cross-coupling 

two-microring resonators labeled in the same color are 

with the same radius, i.e. they have the same resonance 

wavelength. The resonance wavelengths of the micror-

ings are
1

λ and
2

λ , and the input channel wavelengths 

are
1

λ ,
2

λ and
3

λ . The two ports marked by Ii and Oi (i = 

0-3) locate at each of the four directions, including north 

(N), west (W), south (S) and east (E). Because of the 

symmetry of the two ports between I0 and I3 and that 

between I1 and I2, with the same wavelength of light in-

put into each pair of ports, the same transmission spec-

trum can be derived from the imaging output ports. The 

length of input and output waveguides of each port is 

L1=100 μm, and the center to center spacing is designed 

to be L2=100 μm. 

The basic cross-coupling two-microring resonator is 

shown in Fig.1(b), which consists of a horizontal channel 

waveguide, a vertical channel waveguide and two mi-

crorings (with the same radius of R) cross-coupled with 

the two channels. The waveguide cross-section between 

MRR waveguide and channel waveguide is shown in 

Fig.1(c). The distance between coupling planes of S1 and 

S3 and that between S2 and S4 are both LCC. For obtaining 

the same mode propagation constants, the two core 
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widths of MRR waveguide and channel waveguide are 

slightly different. Around 1550 nm, the refractive index 

n10 of the polymeric waveguide core[13] is 1.590 and the 

bulk amplitude attenuation coefficient is α10=0.25 dB/cm; 

the refractive index n20 of the polymer buffer layer[14] is 

1.461, and its bulk amplitude attenuation coefficient is 

α20= 0.25 dB/cm; the refractive index n30 of the left/right 

cladding (air) is 1.000 and the bulk amplitude attenuation 

coefficient is α30=0. 
00

y

E  is selected as the fundamental 

propagation mode.  
 

 

Fig.1 (a) Structure of the polymer four-port optical router; (b) Structure of the polymer cross-coupling two-ring 

resonator; (c) Cross-section view over the coupling plane between MRR waveguide and channel waveguide 
 

Considering the symmetry of the basic cross-coupling 

two-microring resonator (Fig.1(b)), we only analyze the 

case of light input into the horizontal port. At the cou-

pling plane S1 between microring R2 and horizontal 

channel, a11, b11 and a21, b21 are the input and output light 

amplitudes of the horizontal channel waveguide and mi-

croring waveguide, respectively. Over other three cou-

pling planes S2, S3 and S4, a21, b21, a31, b31, a41, b41, a 12, 

b12, a22, b22, a32, b32, a42 and b42 are also defined and la-

beled in Fig.1(b). The relation among the four ampli-

tudes over each plane can be described by the following 

transfer matrices  

2 CR 1

2 CR 1CR

11

1j

i i

i i

a t a

b t bκ
−⎡ ⎤ ⎡ ⎤ ⎡ ⎤

=⎢ ⎥ ⎢ ⎥ ⎢ ⎥−⎣ ⎦ ⎣ ⎦ ⎣ ⎦
, 

4 CR 3

4 CR 3CR

11

1j

i i

i i

a t a

b t bκ
−⎡ ⎤ ⎡ ⎤ ⎡ ⎤

=⎢ ⎥ ⎢ ⎥ ⎢ ⎥−⎣ ⎦ ⎣ ⎦ ⎣ ⎦
, i=1,2.           (1) 

Besides, outside the coupling planes, optical propagation 

in resonators can be expressed as 

3121 1

3121 2

0 exp( j )

exp( j ) 0

aa

bb

φ
φ

− ⎡ ⎤⎡ ⎤ ⎡ ⎤
= ⎢ ⎥⎢ ⎥ ⎢ ⎥

⎣ ⎦ ⎣ ⎦ ⎣ ⎦
, 

3222 2

3222 1

0 exp( j )

exp( j ) 0

aa

bb

φ
φ

− ⎡ ⎤⎡ ⎤ ⎡ ⎤
= ⎢ ⎥⎢ ⎥ ⎢ ⎥

⎣ ⎦ ⎣ ⎦ ⎣ ⎦
,           (2) 

41 42 2
exp( j )a b ψ= − ,                         (3) 

12 11 2
exp( j )a b ψ= − ,                         (4) 

42
0a = ,                                   (5) 

with ( )
1 R R

1.5π jRφ β α= − , ( )
2 R R

0.5π jRφ β α= − ,
2

ψ = 

CC C C
( j )L β α− , where ( )

C C
2π nβ λ= and ( )

R R
2π nβ λ=  

are the mode propagation constants of channel waveguide 

and MRR waveguide, respectively, which should be ap-

proximately equal for phase matching, and 
C

α and 
R

α are 

the mode amplitude loss coefficients of channel waveguide 

and MRR waveguide, respectively. From Eqs.(1)−(5), 

the amplitude transfer function of the basic routing ele-

ment is obtained by  

{ }2

CR 1 1 CR 1 212

11 2

exp[ j( )]t f fb
U

a f

κ ϕ ϕ− − +
= = ,       (6) 

( )2

CR 2 241

11 1 2

exp jfb
V

a f f

κ φ−
= = − +  

( ) ( ){ }2
2 2 2

CR CR 1 2 1 CR 1 2

1 2

exp j 2 exp jt f

f f

κ φ ψ κ φ φ⎡− + ⎤ − ⎡− + ⎤⎣ ⎦ ⎣ ⎦
, 

(7) 

where ( )2

1 CR 1 2
1 exp jf t φ φ= − ⎡− + ⎤⎣ ⎦ , 2 4

2 1 CR
expf f κ= − [ j− ×  

]
1 2

(2 2 )φ ψ+ ( ){ }2

1 CR 1 2
exp jf t φ φ+ ⎡− + ⎤⎣ ⎦ . The output power 

from the two ports (defined as through port and drop port) 

in dB form can be expressed as 
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( )2

B
10lgP U= , 

( )2

D
10lgP V= .                            (8) 

For the convenience in the following analysis, we define 

transfer functions as follows. When the light with wave-

length λ is input into the basic routing element with 

resonance wavelength
i

λ , define
B

i

P
λ
λ as the output power 

of the through-port, and
D

i

P
λ
λ as that of the drop-port. On 

the basis of the symmetry between the two ports of I0 and 

I3 and that between the two ports of I1 and I2, with the 

same input wavelength, the identical insertion loss and 

crosstalk are derived for the corresponding output ports. 

Under the case of the light with any wavelength input 

into port i, the output power from another port, defined 

as out ,

in,

j

i
P , can be derived below. For example, under the 

case of light with any wavelength input into port I0,  

( ) ( ) ( )out,0

in,0 1 2 C
2 3 2P L Lλ α λ= + ⋅ +  

2 1 1 1
B D D B
P P P P

λ λ λ λ
λ λ λ λ+ + + ,                       (9) 

( ) ( ) ( )
2 1

out,1

in,0 1 2 C B D
2 2 2 2P L L P P

λ λ
λ λλ α λ= + ⋅ + + ,    (10) 

( ) ( )
2

out,2

in,0 1 C D
2 2P L P

λ
λλ α λ= ⋅ + ,                (11) 

( ) ( ) ( )
2 1

out,3

in,0 1 2 C B B
2 2P L L P P

λ λ
λ λλ α λ= + ⋅ + + .      (12) 

Other cases can be similarly treated.  

Supposing the upper/under confined layer is half-  infi-

nite (in practical design, this thickness is taken as t2 > 2.5 

μm), Fig.2 shows the curves of effective refractive indi-

ces of
00

y

E ,
01

y

E and
10

y

E  modes versus MRR waveguide 

core width wr, where the core thickness and width are 

equal, that is, wr=t1, and the wavelength is 1550 nm. It 

can be found that in order to realize single-mode propa-

gation, the core thickness should satisfy 1.2 μm<wr=t1< 

2.1 μm, and during design we select wr=t1=1.7 μm. Un-

der the case of considering bending effect, the effective 

refractive index of
00

y

E
 

mode is larger than that without 

considering bending effect, as shown in the figure. The 

effective refractive index of 
00

y

E
 

mode of the channel 

waveguide versus core width
c

w is also shown in Fig.2. 

For ensuring the effective refractive index of the micror-

ing waveguide (
R
n ) and that of the channel waveguide 

(
C
n ) are the same, the width of the channel waveguide is 

taken as 
c

w =2.03 μm. The coupling gap d between 

MRR waveguide and channel waveguide is designed to 

be 0.14 μm, and the transmittance coefficient 
CR
t and 

coupling coefficient
CR

κ between MRR waveguide and 

channel waveguide are 0.99624 (at 1550 nm) and 

0.08664 (at 1550 nm), respectively. 

The designed four-port optical router is operated at 

three kinds of wavelengths, and in this paper 1550 nm, 

1552 nm and 1554 nm are selected. Accordingly, the 

four-port device requires two kinds of basic routing ele-

ments, numbered by #1 (resonance at 1550 nm) and #2 

(resonance at 1552 nm), respectively. For convenience, 

we define the channels with the wavelengths of 1550 nm, 

1552 nm and 1554 nm as channel #1, #2 and #3, respec-

tively. The first thing is to decide the two ring radii for 

realizing the routing operation of these three channel 

wavelengths, and they should satisfy the resonance equa-

tion 2πRnR=mλ, where m is the resonance order and 

R
n is the effective index of the curved waveguide. In 

Fig.3, the resonance order is m = 85. One can find that 

the bending radius of microring increases and the mode 

effective refractive index decreases, as the resonance 

wavelength increases. In practical design, bending radius 

cannot be too large, otherwise it will cause the increase 

of optical loss. In our design, the resonance wavelength 

and corresponding bending radius of the two kinds of 

microrings are 13.756 μm and 13.775 μm. When the 

bending radii are taken as those values, the mode ampli-

tude bending losses are both dropped below 10-4 dB/cm. 

 

 
Fig.2 Curves of effective refractive indices of different 

modes propagating in MRR waveguide and channel 

waveguide versus core width 

 

 

Fig.3 Curves of ring radius and effective index of 

fundamental mode versus wavelength for the MRR 

waveguide considering bending effect 

 

The transmission spectra of 12 possible paths (from Ii 

to Oj , i ≠ j) are shown in Fig.4. We can see that the out-

put power of U-turn paths is so small that it can be ne-

glected. When optical signals with the wavelengths of λ1, 

λ2 and λ3 are injected into port I0 together, they will be 

routed to the output ports of O1, O2 and O3, respectively. 

Similarly, the situations of optical signals injected into 

ports I1, I2 and I3 can be analyzed. Based on Fig.4, the 

wavelength routing principle of the optical router is de-

picted in Tab.1, which illustrates that the optical signal 
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with wavelength of λi(i=1,2,3) has a specific input-output path selected by microring routing elements. 
 

 

Fig.4 Optical spectra of 16 routing paths of the four-port optical router under different input/output routing op-

erations 
 
Tab.1 Routing paths of the one-stage four-port optical 

router 

 Output 

 O0 O1 O2 O3 

I0 / λ1 λ2 λ3 

I1 λ1 / λ3 λ2 

I2 λ2 λ3 / λ1 
Input 

I3 λ3 λ2 λ1 / 

 
The insertion losses under the cases of light input into 

different ports and output from the appointed ports (on-port) 

are depicted in Figs.5(a) and (b). It can be found that the 

insertion losses of all channel wavelengths are approxi-

mately uniform, whose maximum value is 0.61 dB and 

minimum value is 0.02 dB. Fig.5 also shows the crosstalks 

of all channel wavelengths under the cases of light signals 

input into different ports. As shown in Fig.5(a), when light 

signals (λ1, λ2, λ3) are input into port I0 or I3, the crosstalks of 

the three channel wavelengths are −41.28 dB, −53.00 dB 

and −40.04 dB in that order. As shown in Fig.5(b), when 

light signals (λ1, λ2, λ3) are input into port I1 or I2, the 

crosstalks of the three channel wavelengths are −52.87 dB, 

−39.97 dB and −40.05 dB, respectively. 

For the cross-coupling two-microring resonators with 

the radius of Ri, the distance between two horizontal or 

vertical coupling planes can be calculated by 
CC,i
L =  

cr

2
2 2

i

ww
R d

⎛ ⎞+ + +⎜ ⎟
⎝ ⎠

. Therefore, the device length in both 

directions is 

H W
L L= =

2

1 2 CC,

1

2 362.1 µm
i

i

L L L

=

=+ +∑ . The 

footprint size is about LW×LH=0.13 mm2.  
 

 
(a) Light is input into port I0 or I3 



LUO et al.                                                                Optoelectron. Lett. Vol.10 No.2 ·0095· 

 
(b) Light is input into port I1 or I2 

Fig.5 The insertion losses of definite routing port under 

on state and the maximum crosstalk of this on-port rela-

tive to other off-ports 
 

In conclusion, we propose a four-port polymer optical 

router consisting of four cross-coupling microring reso-

nators, and proper structural parameters are selected 

through optimization. It can route three channel wave-

lengths and includes 12 possible I/O routing paths. The 

insertion losses of all channel wavelengths along their 

routing paths are within the range of 0.02−0.61 dB, the 

maximum crosstalks between the on-port along each 

routing path and other off-ports are less than −39 dB, and 

the device also has ultra-compact footprint size of only 

0.13 mm2.  
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