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Channel drop filter (CDF) is a communication component  
in which the optical signal is fed into one of the  input 
ports and then the signal passes through the wavelength 
multiplexer of the CDF and finally emits at output port 
with almost no disturbance[1–3]. The CDF is composed of 
three parts: resonator system, bus waveguide, and drop 
waveguide. The incident electromagnetic wave propa-
gates along the bus waveguide and  certain frequencies 
will be dropped by resonator system to drop waveguide. 
The most common resonator system generally has a 
rectangle[4], ring, and disc resonator. In optical commu-
nication system, the CDF is useful and essential for tri-
plexer filter. The three commonly used wavelengths are 
1310, 1490, and 1550 nm, defined by ITU-T G.983 stan-
dard. Triplexer filter is widely used in  fiber-to-the-home 
(FTTH) system, where 1310 nm channel is used for 
uploading data, 1490 nm channel is used for download-
ing data and voice, and 1550 nm channel is used for re-
ceiving video, respectively. Recently, many researchers 
have proposed surface plasmonic waveguide structures 
to design optical triplexers. The metal–insulator– metal 
(MIM) plasmonic structure consists of a dielectric 
waveguide and two metallic claddings, which strong-
ly confine the incident light in the insulator region[5].  
Some devices based on the MIM plasmonic waveguides 
have been studied numerically and experimentally, for 
example, the filters based on ring resonators[6], nano-
cavity resonators[7,8], tooth-shaped plasmonic wave-
guide filters[9–12], nanodisc resonators[13], and Y-shaped  
combiners[14]. Recently, Liu et al. proposed the plas-
monic nanocavities and plasmonic arrays for promis-
ing applications in highly integrated optoelectronic 
devices, such as plasmonic biosensors, filters, and 
electro  conductors[15–18]. Wang et al. proposed tun-
able  multi-channel wavelength demultiplexer (WDM) 
based on MIM plasmonic nanodisc resonators at 
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 telecommunication regime and nanoplasmonic WDM 
based on MIM plasmonic waveguides[19,20]. They used 
nanodisc and rectangular resonators to design WDM 
structures. The transmission efficiency is about 50%–60%.  
Traditionally, WDMs have been proposed using the 
 arrayed waveguide grating[21–23]. They have a major dis-
advantage, that is, they cannot be further miniaturized. 
Nowadays, many researchers have proposed using MIM 
plasmonic waveguides to solve this problem. In this 
work, the nanoring resonators and the MIM plasmonic 
waveguide structures are used to design the  all-optical 
triplexer based on CDF. The proposed all-optical tri-
plexer can filter out the 1310, 1490, and 1550 nm wave-
lengths. Those wavelengths can be used in FTTH with 
transmission efficiency higher than 90%. It can also be 
a potential key component in the applications of the 
biosensing systems.

In general, the interface between semi-infinite mate-
rials having positive and negative dielectric constants 
can effectively guide transverse magnetic (TM) surface 
waves. Because the width of the MIM plasmonic wave-
guide is much smaller than the wavelength, only the 
fundamental TM (TM0) waveguide mode can propa-
gate. The dispersion equation for TM mode in the 
waveguide is given by[24] 
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of the insulator and the metal, respectively. k0 = 2π/λ  
is the free-space wave vector. The propagation constant 
β is represented as effective index neff = β/k0 of the 
waveguide for surface plasmon-polariton (SPP). In the 
work, the dielectric is assumed to be air with ɛd = 1,  
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Fig. 2. Transmitted-peak wavelength of the filter versus the 
radius of the ring resonator.

  

Fig. 1 (a) CDF structure realized in MIM waveguides with a 
ring resonator. (b) Normalized transmission spectrum of the 
CDF.

and the metal to be silver. The dielectric constant ɛm of 
silver can be calculated by the Drude model[25]

 
2

p
m( ) ,

( i )
w

e w e
w w g∞= −

+  (2)

where ɛ∞ stands for the dielectric constant at infinite 
 angular frequency with the value of 3.7, ωp = 1.38 × 1016 Hz 
is the bulk plasma frequency, which represents the 
natural frequency of the oscillations of free conduction 
electrons, γ = 2.73×1013 Hz is the damping frequency 
of the oscillations, and ω is the angular frequency of 
the incident electromagnetic radiation. The SPPs are 
excited with inputting a TM-polarized plane wave. The 
transmission of the structure is defined as T = Po/Pi 
where Pi presents the total input power and Po is the 
total output power. The quality factor is defined as

 Q =
l
l∆
,  (3)

where λ is the resonance wavelength of the ring resona-
tor and ∆λ is the full-width at half-maximum (FWHM) 
of transmission spectrum[26]. First, two straight wave-
guides and a ring resonator are used to construct a CDF 
based on MIM waveguide structure (Fig. 1(a)). The 
 parameters of the structure are set to be w = 50 nm,  
d = 35 nm, r = 155 nm, and R = 205 nm. When 
the input optical signals contain multiple wavelengths, 
only the optical signals with the resonant wavelengths 
can propagate through the MIM plasmonic ring resona-
tor waveguide structure. Hence a MIM plasmonic ring 
resonator waveguide structure can have several reso-
nant modes (Fig. 1(b)). When the optical signals are 
launched from the input port, most of the optical sig-
nals directly propagate through the output Port B and 
only the optical signal with specific frequencies can be 
dropped to the output Port A by the ring resonator. 
The transmission spectrum of the CDF structure real-
ized in MIM plasmonic waveguides with a ring resonator 
is shown in Fig. 1(b). Figure 1(b) shows that there are 
four resonant modes wherein specific frequencies can be 
dropped to the output Port A. Three resonant modes 
are in the visible light region and only one resonant 
mode is in the infrared light region. In this work, the 
wavelengths of incident light are chosen in the infrared 
region. From the simulation results, one resonance peak 

at the  wavelength λ = 1554 nm is located in the range of  
1250–1600 nm, and the corresponding maximum 
transmission efficiency is 38.2%. The quality factor at 
1554 nm is 777 in the case of d = 35 nm. Figure 2  
shows a nearly linear relationship between the radii 
of ring resonators and the transmitted peak wave-
lengths. By properly choosing the values of the radii 
of the ring resonators, the transmitted peak wave-
lengths of the MIM plasmonic optical filters can be 
tuned in the infrared region or in the visible light 
 region. The dropped central peak wavelengths are 
listed in Table 1. Figure 3(a) shows the transmission 
spectrum for the ring resonator with R = 205 nm,  
r = 155 nm, and w = 50 nm for different gap distanc-
es. When the gap distance d is 25 nm, one resonance 
peak was observed at the wavelength λ = 1561 nm. The 
 corresponding maximum transmittance is about 40.64% 
and the quality factor is 260. For other gap distances  
d = 30, 35, 40, and 45 nm, the  corresponding resonance 
peak wavelengths are at λ = 1557, 1554, 1553, and  
1552 nm, respectively, the respective maximum trans-
mittances are 39.6%, 38.2%, 33.5%, and 31.2%, and the 
quality factors are 389, 777, 1035, and 1410, respectively.  
Figure 3(b) shows that as the gap distances increase, 
the peak wavelength decreases. By properly  adjusting 
the gap distance, the quality factor can be greatly 
 improved, whereas the transmission efficiency can-
not be improved at all. To improve the transmission 
 efficiency, a reflector was introduced at the end of the 
output Port B (Fig. 4(a)). The reflective length L is 
the length between a reflector and the drop waveguides. 
The transmission spectrum is shown in Fig. 4(b). In 
the case of without the reflector, the peak wavelength 
is at 1554 nm and the corresponding maximum trans-
mittance is 38.2%. In the case of with the reflector, 
the peak wavelength is at 1554 nm and the correspond-
ing maximum transmittance is 51.6%. By putting the 
reflector, the transmission efficiency can be improved 
about 13%. But this is still not good enough, try-
ing to adjust the reflective length L is another meth-
od to enhance the transmission efficiency. For the 
three-port CDF, high channel drop efficiency can be 
achieved if the resonators are properly located from 
the  reflector[27]. As shown in Fig 5(a), the reflective 
length is adjusted from 0 to 300 nm with R = 205 nm,  
r = 155 nm, and d = 45 nm. The numerical results 

(a) (b)
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show that the optimum transmission efficiencies are at 
L = 300 nm, the peak wavelength is at 1552 nm, and 
the corresponding maximum transmittance is 95.87%. 
As shown in Fig. 5(b), the reflective length is adjusted 
from 0 to 300 nm with R = 177 nm r = 127 nm, and  
d = 45 nm. The numerical results show that the opti-
mum transmission efficiencies are at L = 100 nm, the 
peak wavelength is at 1312 nm, and the corresponding 
maximum transmittance is 95.23%. 

Four straight waveguides and three ring resonators 
were used to construct an all-optical triplexer based on 
MIM plasmonic waveguide structure (Fig. 6(b)). Before 
designing the triplexer, the influence of the separation 
length between two ring resonators must be investigated 
first. In Fig. 6(a), three straight waveguides and two 
different radii of ring resonators are used to find out 
the influence. The parameter L1 is designated as the 
separation length between the first and the second ring 
resonators, and the parameter L2 is designated as the 
separation length between the second and the third ring 
resonators. The separation length Li is an important pa-
rameter, which introduces a phase difference between the 
two ring resonators, thus influencing the transmission 
characteristics of the proposed all-optical triplexer[28].  
The parameters of the structure are set to be L = 300 nm,  
R1 = 205 nm, R2 = 198 nm, w = 50 nm, and  
d = 45 nm. In Fig. 7(a), the first ring resonator drops 

 

Fig. 3 (a) Transmission spectra for different gap distance d 
with R = 205 nm, r = 155 nm, and w = 50 nm. (b) Transmit-
ted peak  wavelength versus gap distance d. 

Table 1. Wavelength of Dropping Range corre-
sponding to Different Resonator Sizes

Ring Resonator 
of Size (nm)

Drop 
Wavelength of 
Range (nm)

Central 
Wavelength 
(nm)

175 1296–1300 1298
180 1339–1342 1340
185 1382–1384 1383
190 1425–1427 1426
195 1468–1470 1469
200 1510–1514 1511
205 1554–1556 1555

(a) (b)

 

Fig. 4 (a) CDF structure with reflector. (b) Transmission 
 spectra with reflector and without reflector.

    

Fig. 5. Transmission spectra for different reflective length 
L with d = 45 nm and w = 50 nm: (a) R = 205 nm and  
(b) R = 177 nm. 

peak wavelength at λ1 = 1550 nm and the transmittance 
is only 12.38%. The second ring resonator drops peak 
wavelength at λ2 = 1490 nm and the transmittance is 
only 5.17%. When L1 = 400 nm, the simulation results 
are very bad. In Fig. 7(b), the transmission of the first 
ring resonator is 90.06% and the second ring resonator 
is 42.6%. When L1 = 450 nm, the transmission  efficiency 
is improved. But the transmission of the second ring 
resonator is still too low. In Fig. 7(c), the transmis-
sion of the first ring resonator is 90.17% and the second 
ring resonator is 91.98%. When L1 = 500 nm, one can 
see that both of the first and second ring resonators 
have the best transmittances. In Fig. 7(d), the trans-
mission of the first ring resonator is 89.93% and the 
second ring resonator is 72.61%. When L1 = 550 nm,  
the first ring resonator still has good transmittances, 
whereas the second ring resonator’s efficiency is  reduced 

   

Fig. 6 (a) MIM waveguide consisting of two ring resonators 
with different radii R1 and R2. (b) Schematic of the proposed 
all-optical triplexer.

(a) (b)
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Fig. 7. Transmission spectra for fixed L = 300 nm, R1 = 205 nm,  
and R2 = 198 nm with different L1: (a) 400, (b) 450,  
(c) 500, (d) 550, (e) 600, and (f) 650 nm.

to about 19.37%. In Fig. 7(e), the  transmission of 
the first ring resonator is 87.83% and the second ring 
resonator is 60.43%. In Fig. 7(f), the  transmission of 
the first ring resonator is 92.18% and the second 
ring resonator is 54.53%. According to the simulation 
 results, the optimal distance is L1 = 500 nm. Next, 
the same method is used to investigate the  influence 
between each two ring resonators. The optimal 
 parameters of the proposed MIM plasmonic all-optical 
triplexer are chosen as: R1 = 205 nm, R2 = 198 nm,  

R3 = 177 nm, L = 300 nm, L1 = 500 nm, L2 = 650 nm,  
w = 50 nm, and d = 45 nm. The transmission   
spectrum of the MIM plasmonic all-optical triplexer is 
shown in Fig. 8(a). The dropped peak wavelengths of 
ring resonators are λ1 = 1550 nm, λ2 = 1490 nm, and  
λ3 = 1310 nm, respectively, and the transmission efficien-
cies are 91.48%, 95.42%, and 96.55%, respectively. The 
field distributions of the proposed all-optical triplex for 
wavelengths of 1550, 1490, and 1310 nm are shown in  
Figs. 8(b)–(d).

In conclusion, a new type of MIM plasmonic 
 all-optical triplexer has been proposed. It is composed 
of three straight waveguides and two different radii of 
ring resonators. By properly turning the radii of ring 
resonators and the gap distance, certain wavelengths 
can be filtered out and the crosstalk of each channel 
also can be reduced. As the numerical results shown 
above, it could really function as an optical triplexer 
with respect to the three wavelengths i.e. 1310, 1490, 
and 1550 nm, respectively. It would also be a potential 
key component in the applications of the FTTH com-
munication systems and the biosensing systems.

The author thanks Yung-Ta Hsueh for his  constructive 
discussion and help.
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