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Abstract: Coupling among waveguides plays an important role in photonic integration, while it usually 

suffers from large wavelength dispersion and structural sensitivity that brings difficulties in broadband and 

robust photonic chip devices. Here, we report a new strategy of dispersion engineering of coupled waveguides 

by artificial gauge field (AGF) with curved trajectories, which gives rise to a dispersionless broadband 

coupler function in high-density silicon waveguides (waveguide pitch <λ/2). It is found that the artificial 

gauge field can generate an inverse dispersion to compensate for the dispersion of conventional waveguide 

coupling. As such, the coupling between the waveguides can be stable in a broad bandwidth. Based on this 

design, we demonstrate compact directional and 3dB couplers that show broadband dispersionless coupling 

of light with wavelength from 1400 to 1650 nm, which also exhibit robustness to considerably large structural 

variations ~150 nm (75% structural deviation). Furthermore, using the AGF coupler as the building block, 

we significantly demonstrate a three-level-cascaded waveguide network to route the broadband light to the 

desired ports, showing a tremendous advantage over the conventional counterparts. Our work exploits the 

artificial gauge field to integrated photonics and demonstrates the possibility of massive, broadband, robust 

and dense photonic integrations.  
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Introduction 

The ability to control light propagation in photonic integrated circuits is at the foundation of modern optical 

information processing and optoelectronic integrations, in which broadband, robust, low-loss, and densely 

integrated optical components are highly desirable for reliable and large-scale integration1-6. However, the 

optical diffraction limitation7 hinders the improvement of integrations, and the wavelength dispersion of 

optical component8 makes it difficult to achieve broadband property. Among various integrated photonic 

functions and devices, coupling devices are important building blocks and have been employed as optical 

routing, mode converters, and switches for high-speed communication and data processing9,10, which 

fundamentally rely on the evanescent wave coupling11. Usually, the devices based on evanescent waves 

coupling exhibit high structure-sensitive and narrowband performance especially within high-density 

integrations. Tremendous efforts have been made to control the evanescent wave coupling and realize the 

broadband property. e.g., the adiabatic structures12-14, inverse design methods15-18, metamaterials19-23, and 

topological designs24,25. However, the multiple desired qualities are difficult to reach at the same time, usually, 

one satisfied performance needs to sacrifice in other important aspects. For example, the adiabatic optical 

couplers exhibit broadband property but have a large footprint (~150 μm)14. The same is true for the 

topological inspired designs (footprint ~80 μm)24. On the contrary, the inverse design methods usually have 

compact footprints, while the performances highly depend on the design optimization algorithm15-18. The 

metamaterial-assisted waveguides19-23, however, need very tiny structures that inevitably increase the 

insertion losses and make the fabrication tedious, which is insufficient and costly for many practical 

applications. As a result, there is a high demand for devices with new design principles involved.  

By properly engineering a physical system, for example, through the geometric design of a system, 

artificial gauge field (AGF) can be generated to govern the effective dynamics of neutral particles (e.g. 

photons). As an important physical concept, artificial gauge field allows us to endow photonic systems with 

a wide range of intriguing phenomena and novel functions26-37. To be noted, the artificial gauge field created 

by curved waveguides exhibit high flexibility for manipulating the optical fields. For example, dynamic 

localizations28-30, Floquet topological insulators31-33, and quantum simulations34,35. Recently, light guiding 

has been realized by artificial gauge field in direct laser writing fused silica waveguides36,37. However, the 

system is a few centimeters and not suitable for compact integration. Besides, more functionalities such as 
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light coupling and routing, are still need to be explored with the presence of gauge field, especially in highly 

dense integration. More recently, the subwavelength self-imaging in closely packed curved silicon 

waveguides by artificial gauge field has been demonstrated38, suggesting the possibility of utilizing artificial 

gauge field for the control of light at subwavelength scales and a promising application for integrated 

photonics.  

Here, we develop a new dispersion controlling mechanism of near-field coupling by artificial gauge field, 

and experimentally demonstrate broadband and robust coupling in densely packed silicon waveguides. Due 

to the curve-introduced artificial gauge field, the wavelength dispersion of the systems exhibits a flat band, 

indicating a high insensitivity to the wavelength and structural variations. We designed and fabricated the 

artificial gauge field assisted coupler (AGF coupler) in silicon on insulator (SOI) integrated platform with 

compact footprint, which indeed exhibits broadband and robust performance against large structural 

fluctuations as compared with the conventional coupler. Furthermore, we experimentally demonstrate the 

broadband light coupling in a three-leveled cascaded AGF device network with an overwhelming advantage 

over the conventional devices in comparison, promising the potential in massive integrations. In addition, the 

AGF devices based on silicon waveguides introduce negligible insertion losses to photonic integrated circuits. 

Our integrated AGF waveguide devices could help to realize broadband, robust, massive and high-density 

photonic integration. 

Dispersionless coupling by artificial gauge field 

For simplicity, we start from a weakly coupled waveguides with sinusoidal trajectory, i.e., 

x(z)=Asin(2πz/P+φ), as shown in Fig. 1a, which can introduce a well-defined artificial gauge field36. The 

equation of motion for a Bloch wave in this system writes 

( ) 2 cos(( ( )) ) ( )
z k x k

i z c k G z d z  = +                                                       (1) 

where 2
0( ) ( ) (4 / )cos(2 / )G z k x z A P z P   = = +  is the artificial gauge field associated with the sinusoidal 

trajectory of the waveguides, P , A and  φ are the period, amplitude, and phase of the sinusoidal modulation, 

respectively. k0 =2π/λ is the wavenumber in the free space and kx is the spatial momentum in the x direction. 

d is the center-to-center separation between waveguides and c is the corresponding coupling coefficient 

between two neighboring straight waveguides (i.e., A=0). Using the high-frequency limit (2π/P ≫c), the 



4 

 

effective coupling coefficient ceff can be obtained from Eq. (1) 

eff 0( ) ( ) ( ( ))c c J   =                                                                (2) 

where J0 is the zero-order Bessel function of the first kind, 2( ) 4 ( ) /An d P    = , and n(λ) is the refractive 

index of the substrate. In Eq. (2), all the parameters are written as the functions of wavelength λ. The 

derivative of ceff(λ) to λ, i.e., the wavelength dispersion writes 

eff
0 1

( ) ( ) ( ) ( )
( ( )) ( ( )) ( ) 1

( )

c c n
J J c

n

         
    

    
= + −    

                            (3) 

where J1 is the first-order Bessel function of the first kind. According to Eq. (3), the dispersion of effective 

coupling coefficient ∂ceff/∂λ consists of two terms, one term is related to the dispersion of straight waveguide 

(i.e., 0
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). Interestingly, the dispersion of straight waveguide can be 

compensated by the artificial gauge field as long as J0 and J1 have opposite sign (because ( ) 0c     and 
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). Figure 1b shows the Bessel function modulations of J0 and J1. There indeed 

exists sign reversal of J0 and J1 in the red region, which provide the possibility to reduce the dispersion by 

artificial gauge field. So we strictly calculated the ∂ceff/∂λ with respect to λ and A, as shown in Fig. 1c. For 

A=0, ∂ceff/∂λ>0 and increases with λ. As A increases, ∂ceff/∂λ decreases and gets to nearly zero for A~1 μm 

(the white dashed curve represents ∂ceff/∂λ=0), where the dispersion of coupling coefficient can be fully 

compensated by the artificial gauge field. Figure 1d shows the effective coupling coefficient as the function 

of wavelength for different A. Indeed, the wavelength dispersion of coupling coefficient gradually becomes 

flat as A increases (red curve in Fig. 1d), suggesting the insensitivity of the coupling to the wavelength.  

To be noted, here the insensitivity to wavelength also indicates the robustness against variations of 

structural parameters (e.g., waveguide separation d). It can be seen from the derivative of ceff(d) to d 

2
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( ( )) ( ( )) ( )
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J d J d c d
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= −

 
                                            (4) 
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Eq. (4) reveals that the artificial gauge field can introduce compensate term to reduce the structural sensitivity 

to d, as long as J0 and J1 have opposite sign, which is the same region where the wavelength dispersion can 

be compensated (red region in Fig. 1b). Figure 1e shows the calculated ∂ceff/∂d as functions of d and A. It is 

found that the |∂ceff/∂d| decreases as A increases and becomes almost zero for A~1 μm (the black dashed curve 

represents ∂ceff/∂d=0). Figure 1f shows ceff as function of d for different A and the flat curve indeed appears 

at A =1 μm (red curve in Fig. 1f), indicating the insensitivity of coupling to the waveguide separation.  

  

Figure 1| Dispersionless coupling by artificial gauge field. a, Schematic of the 1D waveguides of sinusoidal 

trajectories with artificial gauge field. b, Zero-order and first-order Bessel modulation of the first kind. There is 

a sign reversal of J0(η) and J1(η) in the red region (i.e., dispersion compensation region). c, The derivative of ceff 

as a function of λ with d=600 nm, P=10 μm. The white dashed curve represents ∂ceff/∂λ=0. d, Effective coupling 

coefficient as a function of λ for different A. From top to bottom, A=0, 0.5, 1.0, 1.5 μm. The dispersionless 

coupling can be obtained for A=1 μm. e, The derivative of ceff as a function of d with λ=1550 nm, P=10 μm. The 

black dashed curve represents ∂ceff/∂d=0. f, Effective coupling coefficient as a function of d for different A. From 

top to bottom, A=0, 0.5, 1.0, 1.5 μm. The insensitivity of coupling to the waveguide separation can be obtained 

for A=1 μm. 

Gauge field controlled coupling in densely packed waveguides 

To be mentioned, our strict analyses are based on weakly coupling conditions, which is inappropriate for 

strongly coupled dense silicon waveguides. Nevertheless, it still provides the foundation to investigate the 
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effect of artificial gauge field in strong coupling regimes. On a Si-on-insulator (SOI) platform, the designed 

silicon waveguide is 400 nm wide and 220 nm thick, allowing a fundamental waveguide mode at λ=1550 nm. 

The waveguide separation d=600 nm is smaller than λ/2. A commercial finite-element analysis solver 

(Comsol Multiphysics 5.3) was employed for full-wave simulations. Figure 2a shows the simulated and 

theoretical (Eq. (2)) coupling coefficient as a function of η, which both decrease to zero then increase 

inversely as η increases. Differently, high-density of silicon waveguides can lead to two major consequences 

compared to the theoretical results: (1) much deeper coupling modulations, i.e., the strength of negative 

coupling can be larger than the positive coupling in straight waveguides, suggesting the reduced coupling 

length; (2) much wider dispersion compensation region (red arrows for strong coupling regime, blue for 

weakly coupling), indicating wider dispersion flat band. Specifically, Figure 2c shows the simulated coupling 

coefficient as a function of wavelength for different A. The coupling strength drastically changes as large as 

0.070 μm-1 over 1400-1600 nm waveband for the conventional straight waveguides without artificial gauge 

field (A=0). However, when the artificial gauge field is introduced by nonzero A, the coupling coefficient 

between the two waveguides gradually becomes negative, and the change of coupling with respect to 

wavelength gradually slows down. In particular, when A=Ac=0.9 μm, the wavelength dispersion curve almost 

becomes flat with largest coupling deviations smaller than 0.010 μm-1 over the same 1400-1600 nm waveband, 

~1/7 of the conventional case without artificial gauge field. Importantly, the value of Ac where the flat band 

appears can be tuned by changing the waveguide separation d (see Fig. 2b), and different dispersionless 

coupling strengths cc can be obtained (see Supplementary Fig. S1 for details). Besides, we also simulated 

the effective coupling coefficient as a function of d for λ=1550 nm to illustrate the insensitivity to waveguide 

structural parameters, as shown in Fig. 2d. It is found that when A~0.9 μm, the coupling coefficient will 

remain stable with the largest deviation less than 0.0054 μm-1 despite a large variation of d (600-750 nm). As 

a comparison, for traditional straight waveguide coupling situation without artificial gauge field (A=0), the 

coupling undergoes drastically changes ~0.056 μm-1 for the same variation of d, nearly ten times of the case 

with artificial gauge field. We further show the simulated propagations of the optical field in the silicon 

waveguides without (A=0) and with the AGF (A=0.9 μm) (see Supplementary Fig. S2 and Fig. S3). It is 

shown that the optical field can always couple to another waveguide at a distance (~34 μm) for A=0.9μm 

over a wide wavelength band (1400-1700 nm) and with a large structural tolerance (550-800 nm). However, 
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the performance of the traditional straight waveguides without artificial gauge field changes drastically.  

   

Figure 2 | Introducing artificial gauge field into high-density silicon platform. a, Simulated (black) and Bessel 

modulated (red) effective coupling coefficient as a function of η. The strength of negative coupling (black dots) 

can be larger than the positive coupling in straight waveguides. Besides, the sign reversal region expands (red 

arrow) as compared to the Bessel modulations (blue arrow). b, Ac and cc as the function of d. The dispersionless 

coupling strength cc can be tuned by choosing different d. c, Simulated effective coupling coefficient as a function 

of λ for d=600 nm. d, Simulated effective coupling coefficient as a function of d for λ=1550 nm. The period of 

gauge modulation is fixed to P=10 μm.  

 

Experimental confirmations 

To confirm our theoretical finding, we fabricated the AGF-based waveguide devices (A=0.9 μm) with 

d=600 nm and 34.5 μm length (see Figs. 3a,b) to achieve directional coupler (DC) functions by electron 

beam lithography and inductively coupled plasma (ICP) etching (see Methods). A near-infrared laser at the 

wavelength range of 1400-1650 nm was input to the Port-I1 through a single-mode fiber, then the transmission 

signal of Port-O1 and Port-O2 were collected by another multi-mode fiber, which was connected to a 

spectrometer (YOKOGAWA AQ6375) to measure the output intensity (IO1 and IO2). Another near-infrared 

camera (Xeva-1.7-320) was used to image the coupling-in and -out processes through a microscope objective 

(see Methods). A conventional strip waveguide device without artificial gauge field was also fabricated for 

comparison, which was designed to work at 1550 nm (Fig. 3c). The experimentally measured coupling ratio 

(IO2/(IO2+IO1)) for the devices with (black) and without (red) artificial gauge field is shown in Fig. 3e, and the 
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corresponding output images for different wavelengths are shown in Fig. 3d. The light input from Port-I1 all 

couples to the Port-O2 for AGF devices over 1450-1650 nm band with the largest deviation less than 2dB. 

Yet it deviates ~20dB for the same wavelength band for conventional devices. We do not observe a significant 

difference in transmitted optical power between the AGF and conventional devices. For example, we 

obtained low insertion loss data of 0.5dB for the AGF coupler and 0.3dB for the conventional one (averaged 

over three samples) by comparing the transmitted power to that of a referenced single straight waveguide. 

Besides, we designed and fabricated a 3-dB coupler with 50%:50% splitting ratio, as the experimental results 

shown in Figs. 3f,g. The splitting performance is stable with respect to wavelengths for the AGF coupler, 

and the largest deviation is also less than 2dB. As a comparison, the traditional straight device only works at 

the designed 1550 nm and exhibits large wavelength dependence. Furthermore, we also fabricated a set of 

AGF and straight devices with different waveguide separation d to verify the robustness against structural 

variations. It is shown that the deviation of ~150 nm of d can hardly affect the coupling and splitting 

performance of the AGF coupler, while it loses the functions completely even for several ten nanometers 

deviations for the straight ones (see Supplementary Sec. I and Fig. S4). This robustness promises large 

tolerance to dimensional uncertainties due to the fabrication, thus allowing scaling to large circuits.  

  

Figure 3 | Experimental demonstrations of dispersionless coupling with artificial gauge field on silicon 

platform. a, A microscope image of the fabricated samples on silicon platform. b,c, Zoomed-in scanning electron 

microscopy image of AGF (b) and conventional (c) coupler devices. d, Experimentally detected output scattering 

fields from Port-O1 and Port-O2 in AGF and conventional directional coupler. The bright spots from the expected 

output Port-O2 are evidently observed for different wavelength for the AGF coupler. e, Coupling ratio of the Port-
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O2 as a function of wavelength. f,g, Corresponding results for the 3dB couplers, which has size of 17.5 μm. The 

two output ports have almost equal intensities for different wavelengths for the samples with AGF.  

Three-level cascaded waveguides network 

To further show the potential of AGF-assisted devices in massive integration, we demonstrate the optical 

routing functionalities of AGF-based devices in three-level cascaded waveguides networks, as the schematics 

shown in Fig. 4a, which consists of seven unit devices with two input ports (I1 and I2) and eight output ports 

(O1, O2, …, O8). The units can be the directional coupler or the 3dB coupler. When the light was input from 

Port-I1, it was expected to be routed to the edge port (O8) for the directional coupler cascaded systems, while 

it should be equally distributed to all ports for the 3dB coupler networks. Figure 4b shows the experimentally 

detected output scattering fields for the directional coupler cascaded systems, in which the light is routed to 

the preferred port (O8) for the AGF devices with respect to different wavelengths. However, for the 

conventional system without AGF, it cannot work well even at the designed wavelength 1550 nm and the 

lights come from different output ports as the wavelength changes. As for the 3dB coupler cascaded networks, 

the eight output ports share almost equal intensities for the AGF system with different wavelengths, while 

for the straight case, the intensities of eight output ports are chaotic as the wavelength changes (see Fig. 4d). 

Figures 4c,e show the experimental data of coupling ratio for the AGF and straight devices with respect to 

different wavelength λ. It is observed that coupling ratio of AGF coupler (IO8/(IO1+…+IO8)) keeps a high 

value in a considerably wide bandwidth (1400~1600 nm), with the largest deviation about 6dB at 1400 nm. 

Yet there is a large discrepancy for the conventional device (>24.7dB at 1400~1450 nm), and it performs not 

well even at the designed wavelength 1550 nm (~ -3.58dB). As for the 3dB case, the coupling ratio of each 

port (IOi/(IO1+…+IO8)) remains ~ -9dB over nearly 200nm wavelength band for the AGF device, and the 

largest deviation ~6dB. However, for the straight case, it even exhibits 5dB deviation for the designed 1550 

nm wavelength and reaches the maximum deviations ~21dB as the wavelength varies. Our results show the 

potential of the AGF-assisted waveguides in large-scale and dense photonic integration. 
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Figure 4 | Three-level cascaded AGF device network. a, Microscope images of the fabricated three-level 

cascaded waveguides networks. b, Experimentally detected output scattering fields in AGF and conventional 

directional coupler cascaded systems for different wavelength. From top to bottom, λ=1400, 1450, 1500, 1550, 

1600 nm. It is observed that the light can be routed to the expected Port-O8 for different wavelength in the AGF 

networks. c, Coupling ratio for the Port-O8 as a function of wavelength for directional coupler cascaded samples. 

d,e, Corresponding results for 3dB coupler cascaded samples. The eight output ports share almost the same 

intensities for the AGF system as the wavelength changes.  

Discussion 

To be noted, there have been similar approaches using bending waveguides for broadband coupling39-41. 

However, they were only demonstrated in particular cases without providing a general theory. Here we 

systemically reveal the physical origin of the dispersionless coupling among curved waveguides, which can 

be well interpreted by the artificial gauge field theory. In this regard, we definitely provide a convincing 

theoretical framework that well includes previous bending designs. More importantly, the demonstrated 

coupler devices in this work designed by the AGF theory exhibit much better performances (including 

broader working bandwidth and more robustness against structural variations).  

Furthermore, our work provides a general design strategy that will not limit to the coupler devices, but 
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also work for other functionalities, e.g., the broadband elimination of crosstalk among densely arranged 

waveguides. It has been in a long pursuit of a dense waveguide integration for light propagation without 

crosstalk20,42,43. According to the crossover of coupling coefficient from positive to negative in conventional 

curved waveguides due to the Bessel function property42,43, there is only one zero-coupling point for one 

particular wavelength. Our approach breaks this limit and produces a flat zero-coupling band, and thus gives 

rise to a broadband zero-coupling for densely arranged waveguides (e.g., d=770 nm, A=0.51 μm, see Fig. 

2b). We provide the detailed results in Supplementary Sec. II and Fig. S5, in which a broadband 

(bandwidth>100 nm) low-crosstalk (extinction ratio>10dB) wave-guiding are demonstrated both in theory 

and experiments. The sub-half-wavelength pitch size (d=770 nm) indicates its high potential applications in 

densely photonic integrations in a broadband scheme, e.g., compact photonic routings, optical-phased array, 

etc.  

Conclusion 

In conclusion, we have demonstrated the coupling dispersion engineering among waveguides by artificial 

gauge field and proposed an AGF-based broadband optical waveguides coupler, which greatly reduces 

sensitivity and dependence on the wavelength and structural variations under high-density integration. 

According to our data, the AGF devices show good coupling functionality for structural deviation as large as 

150 nm (75%) and a wavelength range ~200 nm centered at the 1550 nm, while the device size (20-30μm) 

and insertion loss (0.4-0.6dB) can be kept comparable small as the straight waveguides. We experimentally 

demonstrated the advantages by comparison with conventional devices in large-scale three-leveled cascaded 

device networks. This work introduces the artificial gauge field for dispersion control of integrated devices, 

which would open a new avenue for robust and broadband large-scale integrations with high-density. 

 

Methods 

Sample preparation. The waveguide devices are fabricated on a standard 220 nm silicon-on-insulator (SOI) 

wafer with a 2 μm buried dioxide buffer layer using electron beam lithography and inductively coupled 

plasma (ICP) etching. Then 220 nm AR-N7520 photoresist film is spin-coated onto the substrate and baked 

at 85°C for 1 min. After that, the sample is exposed to electron beam in E-beam writer (Elionix, ELS-F125) 
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and developed to form the AR-N7520 nanostructures. Then, the sample transferred into HSE Series Plasma 

Etcher 200 and etched with C4F8 and SF6 (the flow rates of these two types of gases are 75sccm:30sccm). 

After the ICP etching, the remaining AR-N7520 is removed by using an O2 plasma for 5 minutes.  

 

Optical measurements. In optical measurements, a tunable laser source (N7778C) with a wavelength range 

from 1450 nm to 1650 nm was used. The light with different wavelengths was focused at the input grating 

by a single-mode fiber, and then coupled into the waveguide mode. The output signals are collected by a 

multi-mode fiber and connected to a spectrometer (YOKOGAWA AQ6375). The light spot image was 

detected by the scattering field from the output end by a near-infrared camera (Xeva-1.7-320) through a 

microscope objective (50).  
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Figures

Figure 1

Dispersionless coupling by arti�cial gauge �eld. a, Schematic of the 1D waveguides of sinusoidal
trajectories with arti�cial gauge �eld. b, Zero-order and �rst-order Bessel modulation of the �rst kind.
There is a sign reversal of J0(η) and J1(η) in the red region (i.e., dispersion compensation region). c, The
derivative of ceff as a function of λ with d=600 nm, P=10 μm. The white dashed curve represents ∂ceff/
∂λ=0. d, Effective coupling coe�cient as a function of λ for different A. From top to bottom, A=0, 0.5, 1.0,



1.5 μm. The dispersionless coupling can be obtained for A=1 μm. e, The derivative of ceff as a function
of d with λ=1550 nm, P=10 μm. The black dashed curve represents ∂ceff/∂d=0. f, Effective coupling
coe�cient as a function of d for different A. From top to bottom, A=0, 0.5, 1.0, 1.5 μm. The insensitivity of
coupling to the waveguide separation can be obtained for A=1 μm.

Figure 2

Introducing arti�cial gauge �eld into high-density silicon platform. a, Simulated (black) and Bessel
modulated (red) effective coupling coe�cient as a function of η. The strength of negative coupling (black
dots) can be larger than the positive coupling in straight waveguides. Besides, the sign reversal region
expands (red arrow) as compared to the Bessel modulations (blue arrow). b, Ac and cc as the function of
d. The dispersionless coupling strength cc can be tuned by choosing different d. c, Simulated effective
coupling coe�cient as a function of λ for d=600 nm. d, Simulated effective coupling coe�cient as a
function of d for λ=1550 nm. The period of gauge modulation is �xed to P=10 μm.



Figure 3

Experimental demonstrations of dispersionless coupling with arti�cial gauge �eld on silicon platform. a,
A microscope image of the fabricated samples on silicon platform. b,c, Zoomed-in scanning electron
microscopy image of AGF (b) and conventional (c) coupler devices. d, Experimentally detected output
scattering �elds from Port-O1 and Port-O2 in AGF and conventional directional coupler. The bright spots
from the expected output Port-O2 are evidently observed for different wavelength for the AGF coupler. e,
Coupling ratio of the Port-O2 as a function of wavelength. f,g, Corresponding results for the 3dB couplers,
which has size of 17.5 μm. The two output ports have almost equal intensities for different wavelengths
for the samples with AGF.



Figure 4

Three-level cascaded AGF device network. a, Microscope images of the fabricated three-level cascaded
waveguides networks. b, Experimentally detected output scattering �elds in AGF and conventional
directional coupler cascaded systems for different wavelength. From top to bottom, λ=1400, 1450, 1500,
1550, 1600 nm. It is observed that the light can be routed to the expected Port-O8 for different wavelength
in the AGF networks. c, Coupling ratio for the Port-O8 as a function of wavelength for directional coupler
cascaded samples. d,e, Corresponding results for 3dB coupler cascaded samples. The eight output ports
share almost the same intensities for the AGF system as the wavelength changes.
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