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Abstract: Recently, there is increasing interest in using mode-division multipelexing (MDM) technique  

to enhace  data rate transmission over multimode fibers.  In this technique, each fiber mode is treated as a 

separate optical carrier to transfer its own data.  This paper presents a broadband, compact, and low loss 

three-mode (de)multiplexer designed for C+L band using subwavelength grating (SWG) technology and 

built-in silicon-on-insulator SOI platform. SWG offers refractive index engineering for wider operating 

bandwidth and compact devices compared to conventional ones. The designed (de)multiplex deals with 

three modes (TE0, TE1, and TE2) and has a loss > -1 dB and crosstalk < −15 dB, and its operation cover 

160 nm (1490 to 1650) nm wavelength span. The overall size of the designed device is 80 × 4 μm
2
. 

 

 

 

1. Introduction 

Demultiplexers are the key elements in mode 

division multiplexing (MDM) technology and 

bandwidth expansion [1,2]. Several 

(de)multiplexing schemes such as Y-junction, 

micro-ring resonators (MRR), multimode 

interference (MMI), directional couplers (DC), 

and coupled waveguides have been reported [3-

7]. The MMI coupler has the most interest in 

multiplexer’s design since it offers good 

performance over a wide bandwidth [8]. 

Generally, these devices are designed to operate 

in the C-band range. In MDM, it is preferred to 

operate with a maximum number of modes and 

wide operating bandwidth [9]. Expanding the 

operating bandwidth beyond the C-band is an 

effective solution to handle capacity issues in 

the existing optical infrastructure with no need 

to add new hardware resources [10]. Thus, 

extending the operating bandwidth towards L-

band will allow the use of current technologies 

to be used over the C+L band [11]. The reason 

behind considering L-band is due to attenuation 

losses for C and L bands are approximately the 

same, also the erbium-doped fiber amplifier can 

be tuned easily to operate for the new C+L band 

[12]. Recently, researches have been reported 

for demultiplexer operating in C+L bands 

utilizing Y-junctions, directional couplers (DC), 

and air-core ring fiber [13-17]. Recalling the 

advantages of the MMI coupler, yet, it is still 

restricted by the refractive index of the silicon in 

terms of limited bandwidth and large size and 

therefore subwavelength grating (SWG) 

technology has been introduced for refractive 

index engineering [18]. SWG waveguides are 

built from two materials arranged periodically 

as strips in dimensions less than the wavelength 

of the propagating light. This results in 

suppression of dispersion effect and an 
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equivalent homogenous medium with optical 

properties that combine those of the 

constructing materials [19]. Applying this 

technology produces compact, wide-band, and 

low-loss devices [20]. 

In this paper, a dual-bandwidth, low loss, 

compact, and fabrication tolerant three-mode 

demultiplexer is designed utilizing 

subwavelength grating (SWG) technology. The 

device consists of an MMI coupler, a phase 

shifter, and a splitter to (de)multiplex the three 

input modes TE0, TE1, and TE2 into a uniform 

fundamental TE0 mode at the output ports. The 

results show that the designed device has a loss 

> -1 dB and crosstalk < −15 dB, 160 nm 

wavelength span (1490 to 1650) nm covering 

C+L bands, and 80 × 4 μm
2
 overall footprint. 

The simulation is carried out via Rsoft photonics 

CAD version 2020.03. 

 

2. Design Dimensioning and Analysis 

 

According to the 100 GHz, IUT wavelength grid 

issued for wavelength division multiplexing 

(WDM), each of the L- and C- bands covers 10 

THz bands. The L-band covers 50 channels 

starting from 186 THz (1161.78 nm) to 190.9 

THz (1570.41 nm). The C-band covers 50 

channels too, starting from 191 THz (1569.59) 

nm to 195.9 THz (1530.33 nm). Thus C+L starts 

from 1530.33-1611.78 nm centered at 1569.59 

nm which is the designed wavelength of the 

proposed device. The scheme of the proposed 

device is shown in Figure 1. 

 

The device is designed using SWG technology 

and based on an SOI platform with a rib/ridge 

waveguide structure. The SWG comprising 

materials are Si (   =3.46) and SiO2 

(     =1.46) arranged periodically as strips of 

thickness    and duty cycle D.C =    ⁄ , 

repeated over a period          . The slab and 

component heights are 0.2 μm and 0.5 μm, 

respectively. The device consists of three 

sections, the 1x3 splitter,   ⁄  phase shifter, and 

3x3 MMI coupler. It handles three input modes 

TE0, TE1, and TE2 which are converted into a 

TE0 mode at the output ports. 

 
Fig.1: Schematic diagram of the proposed device. 

The inset is waveguide cross-section and SWG 

details. 

The 1x3 splitter is designed so that TE0 and 

TE1 modes are split equally to the outer arms 

(of width   ), while TE2 is guided through the 

central arm (of width   ) only. To satisfy the 

desired operation, splitter dimensions including 

pitch length    (duty cycle (D.C) %), arm 

length and arms widths   ,    , and    are 

numerically determined for the optimum 

performance. Figures 2(a) shows simulation 

results of the splitter normalized transmission as 

a function of arm width variation for each one of 

the input modes. It is obvious that outer arms, 

for the case of TE0 and TE1, can be guided with 

maximum transmission and TE2 with minimum 

transmission  when    is set to  0.5 m (refer to 

the orange and blue lines). In contrast,  for 

central arm, the maximum transmission of TE2 

and minimum transmission  of TE0 and TE1 

occur when    is 0.27 m (refer to the red and 

violate lines) Similarly, the length of the splitter 

arms is deduced to achieve  maximum 

transmission for each mode. The result is 

depicted in Figure 2(b) which shows that the 

optimum value of the length is at   = 25 m. 

Note that to ensure a smooth transition of the 

field along the segmented waveguide, the eddect 

of     (duty cycle (D.C) %), is simulated and 

the results are shown in Figure 2(c), and thus  

   is set to 0.16 m yielding D.C. =  70%. 
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The device transmission characteristics can be 

obtained as a multiplication of the transmission 

functions of the three stages compromising the 

device.  Recall that the device consists of three 

sections, the 1x3 splitter,   ⁄  phase shifter, 

and3x3 MMI coupler. Note that the transfer 

function of the splitter is wavelength dependent.  

 

 

 
 

 
 

Fig.2: Splitter transmission as a function of arms 

(a) width (b) length (c) duty cycle. 

 

Next, a   ⁄  the phase shifter is designed 

based on the phase difference between two 

waveguides of different widths. The shifter is 

placed at one of the outer arms, thus only TE0 

and TE1 cases are affected. The dimensions of 

the shifter are the length     which is set to 3 

m for compactness purposes, and the width 

   . Figure 3 shows the phase difference as a 

function of width variation    . Note that the 

desired shift can be achieved at any intersection 

point of the red line curve with the   ⁄  margin 

line. Thus,  width 

                            m can serve 

the purpose. In this design          m is 

choosen 
 

 

Fig.3: Phase difference as a function of shifter width 

     

Finally, the 3x3 MMI section is designed. The 

desired function is to act as a 3-dB splitter for 

the case of TE0 and TE1 mode (outer input 

ports), whereas for the TE2 mode case, the field 

is guided directly from the central input port to 

the central output port. Thus, it is required to 

choose MMI length      , width     , pitch 

length      to satisfy these requirements. The 

MMI length can be expressed in terms of 

modified beat length    formula by the effect of 

SWG technology as follows [8] 

 

                                                            (1) 

 

                              
         

 

       
                    (2) 
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where        is the wavelength of the light 

(                 ,      is the SWG 

effective refractive index given by [20] 

 

                            [    
       

   
 

 
]
  ⁄

    (3) 

 

The width      and pitch length (duty cycle 

%) are set to 4 m, and 0.2 m (50%) for 

compactness purposes, respectively. Numerical 

simulation for the optimum value of      is 

carried out around theoretical value calculated 

from equation (1). Figure 4 presents the 

response of the MMI coupler as a function of its 

length. The results show that the suitable      

value is 45 m at which TE0 and TE1 are split 

equally through the outer ports, whereas the 

TE2 field is guided directly from the central 

input to the central output port.  

 

 
Fig.4: Coupler transmission as a function of the 

length     . 

 

3. Performance Characteristic and Evaluation 

 

Intensity distribution study along the 

(de)multiplexer is carried out using Rsoft 

photonics CAD suit for each case of input 

modes across the designed device at the 

operating wavelength         1569.6 nm. The 

simulation is repeated for the L+C band 

corresponding to 1530.3 nm and 1611.8 nm. 

The results are shown in Figures 5 to 7. The 

TE0 and TE1 mode split equally through the 

outer arms and the output for each case is 

detected from port4 and port2, respectively. For 

TE2 mode, guided along the central arm of the 

splitter and the output is detected at port3. 

 

To evaluate the performance of the device, the 

insertion loss (I.L), and crosstalk (C.T) are 

calculated for each described case and using the 

following formula 

 

                          
    

   
                        (4)    

                 
    

∑              
              (5) 

 

where    ,     ,                are input power, 

desired output power from desired port, 

undesired output power from other ports, 

respectively. The I.L at the design wavelength  

> -1 dB and the C.T is better than −17.3 dB. 

 
 

 

 
 

Fig.5: Intensity distribution along the demultiplexer 

for input mode (a) TE0, (b) TE1, (c) TE2. 

at 1569.6 nm. 
 

 

Fig.6: Intensity distribution along the demultiplexer 

for input mode (a) TE0, (b) TE1, (c) TE2. 

at 1530.3 nm. 
 



 

44 
 

 
Fig.7: Intensity distribution along the demultiplexer 

for input mode (a) TE0, (b) TE1, (c) TE2.  

at 1611.8 nm. 

 

To obtain the operating bandwidth of the 

designed device, both parameters are plotted 

over a certain wavelength and the 3 dB 

threshold from the optimum performance is 

used. The result is depicted in figure 8. It is 

clear that the designed device shows good 

performance of I.L > -3 dB and C.T better than 

−15 dB over 160 nm operating bandwidth 

covering (1490 to 1650) nm wavelength span 

which confirms that the designed device is 

capable to cover the C+L band of the optical 

spectrum. 

 

 
Fig. 8: Demultiplexer response dependency on 

operating wavelength. 

 

Table 1 lists the insertion loss and crosstalk 

readings of the proposed device for each of the 

input mode cases at the wavelengths 1530.3, 

1569.6, and 1611.8 nm. 

 
Table (1) Device performance. 

 

 

4. Fabrication Error Investigation 

Errors during the fabrication process that may 

occur are investigated by checking the response 

of the proposed device to the deviation of its 

main parameters from their designed value 

based on the I.L and C.T measures. Table 2 lists 

the summary of the allowed fabrication errors 

measured in nm. 
Table (2) Allowed fabrication error summary. 

 

Parameter 
Designe

d (m) 

Fabricatio

n error 

(nm) 

I.L 

(dB

) 

C.T 

(dB) 

     0.2 ±2 

>-2 <-15 
    0.21 ±15 

      0.5, 0.3 ±17, ±12 

     4 ±20 

 

 

5. Conclusions 

In conclusion, a dual-band, compact, low loss, 

the three-mode demultiplexer is designed 

utilizing SWG technology. With popper 

parameters selection, such as pitch lengths, duty 

cycles, widths, and lengths of each part, desired 

functions can be achieved. The simulation and 

result show the proposed device has a loss > -1 

dB, with 160 nm operating bandwidth extending 

over (1490 to 1650) nm wavelength span 

confirming its capability to cover the C+L band 

of the optical spectrum. Additionally, the device 

shows a high degree of compactness with an 

overall area of 80×4 μm
2
. The device offers 

good performance even under fabrication 

imperfections. Finally, SWG technology served 

the target to obtain wideband, low loss, and 

fabrication tolerant devices. 
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 C + Lىطاق ب الىمط يثلاثارسال  وحو مُضاعِف

  الطول الموجي المحزز مادونباستخذام تقىية و 
 

 

**زيذ لطيف حسيه* , رعذ سامي فياض  
 

 *يعهذ انهيشر نهذراساث انعهيا, جايعت بغذاد, بغذاد, انعزاق

 , بغذاد, انعزاقانحاسىب جايعت انُهزيٍ, كهيت انهُذسه, قسى هُذست**

 

 

 C+Lنًُظ واسع انُطاق, يذيج, ويُخفط انخسارة صًى نتغطيت َطاق  يقذو هذا انعًم يضاعف إرسال ثلاثي ا: الخلاصة

هُذست يعايم الاَكسار  SWG . تقذو تقُيت ال SOI ويُصت (SWG) انطىل انًىجيباستخذاو تقُيت انًحشس يادوٌ 

 انًصًى يع ثلاثت اًَاط  َطاق تشغيم أوسع وأجهشة يذيجت يقارَت بقزيُاتها انتقهيذيت. يتعايم يضاعف الإرسال نعزض

TE0 TE1 و TE2 َاَىيتز  161تشغيهه يغطي انجهاس انًصًى . ديسيبم 11-< تذاخم ديسيبم و 1- > ونه خسارة

 .يزبع ييكزويتز 9×  01َاَىيتز( يٍ انطىل انًىجي. انحجى انكهي نهجهاس انًصًى  1611إنى  1941)

 


