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1. Simulations  

The simulations were carried out by using Lumerical, a commercial FDTD software [S1]. A 2D 

simulation environment was used. The BFAST plane-wave source was used to illuminate the 

structure. A DFT monitor was placed above the source to collect the reflections. A modified scripting 

code taken from the software’s website [S1] was used to calculate the power converted to particular 

diffraction orders in reflection. Field distributions were generated by using both Lumerical and CST 

Studio Suite [S2]. The presented field plots are obtained by using the latter.   

 

2. Effects of higher diffraction orders 

While the contour maps for rm, m=-1, 0 have been presented for both TE and TM polarizations in 

Figs. 2 and 7, contribution of more higher orders within the same ranges of variation in wavelength, 

, and incidence angle, , is clarified below.  

Figures S1 and S2 present the contour maps of rm, m= -4, -3, -2, and +1 for TE and TM polarizations. 

The regions of the (,)-plane, in which nonzero contribution of these orders is possible, are 

determined by Eq. (1) with the corresponding value of m, assuming that |sin m| may not be larger 

than unity. It is observed that rm for higher orders can be quite small, in spite of that the propagation 

is allowed. Therefore, additional selectivity in terms of  and , which can be useful for practical 

applications, is possible. In particular, there are small regions with rm >0.8, for m=-2 and -3. 

Comparison of the results for TE and TM polarizations in Figs. S1 and S2 clearly shows that on-off 

switching can be used for these orders, when m, , and  are fixed but polarization can be changed. 

The same can be said regarding the operation regimes, which use the different orders in the on and off 

states.  

Examples of the contour plots of field distribution are presented in Fig. S3 for three cases which are 

typical for the studied ultrawide-band and wide-angle deflection regime. Figures S3(a) and S3(b) 

correspond to the close vicinity of the larger- boundary of the -1st order deflection region, see Fig. 

2(c). In this case, the electric field enhancement is observed inside the nanorods, while magnetic field 

is stronger at the nanorod boundaries.  
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Figure S1: Deflection efficiency as a function of wavelength and incidence angle, m=-4 (upper plots) and -3 (lower plots), 

TE and TM polarizations.  

 
Figure S2: Deflection efficiency as a function of wavelength and incidence angle, m=-2 (upper plots) and +1 (lower plots), 
TE and TM polarizations.  
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In Figs. S3(c) and S3(d), which correspond to the middle part of the -1st order deflection region, the 

pre-dominantly asymmetric magnetic resonance behavior is observed in the rods. Figures S3(e) and 

S3(f) illustrate the pre-dominantly symmetric magnetic resonance behavior that occurs while staying 

very close to the smaller- boundary of the -1st order deflection region. No dominant wavefronts like 

those in Figs. S3(c) and S3(d) are observed in Figs. S3(e) and S3(f), although m=-1 is yet the only 

order that formally may propagate. It is noticeable that the field distributions in Figs. S3(e) and S3(f) 

show weak asymmetry, as a result of using nonzero angles of incidence.  

 
Figure S3: Examples of (a,c,e) electric and (b,d,f) magnetic field distribution (magnitude) shown within two 

structural periods (unit cells) at (a,b) =2000 nm, (c,d) =1100 nm, and (e,f) =900 nm; =20 degrees, TE 
polarization. 
 

 

 

3. Output angle of the order m=-1 

The outgoing-wave angle for the order m=-1, out,-1=-1, is plotted in Fig. S4(a) as a function of the 

incidence angle, , for four fixed values of λ, 1100, 1300, 1500, and 1700 nm. The period is taken as 

1250 nm, i.e., it corresponds to the optimal structure. As can be observed, there is no propagation for 

the order m=-1 at small incidence angles, at least if  is sufficiently large. This feature is crucial for 

the appearance of the larger- boundary of the large region of deflection in the (,)-plane, in which 
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single-wave deflection yields spatial filtering, as discussed in Section 2. The negative sign in the value 

of out,-1 indicates that it is in the same quadrant as the incidence angle. We have also plotted out,-1 as 

a function of wavelength in Fig. S4(b), for the fixed incidence angle values of 40, 50, 60, and 70 

degrees. It is observed that for given  there is a -domain cut-off that is well-known from the theory 

of diffraction gratings [S3]. It is clearly seen in Figs. S4(a) and S4(b) how the angle out,-1=-1 varies 

with  and . Finally, let us note that =--1 (regime of back reflection) can be obtained for all four 

values of .  

 

  

Figure S4: Outgoing-wave angle for the order m=-1 when p = 1250 nm, as a function of (a) incidence angle and (b) 

wavelength. 

 
 

4. Spatial Filtering in the order m=0  

A bandstop spatial filter is enabled by the order m=0 for TE polarization. To demonstrate this filtering 

regime, Fig. S5(a) presents numerical results for r0 vs.  at three selected wavelengths. This regime is 

rather narrowband, i.e., the stop band is narrower than 10 degrees.  
 

 

Figure S5: Two regimes of spatial filtering achievable in the designed structure by using the order m=0. Simulation results: 

(a) r0 for TE polarization at the wavelengths of 890, 900, and 910 nm, and (b) r0 for TE polarization at the wavelengths of 

1500, 1700, 1900, and 2100 nm. 
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Low-pass spatial filtering in the order m=0 is a counterpart of bandpass filtering in the order m=-1, 

compare Figs. 2(c) and 2(d). To illustrate it, r0 vs.  is plotted in Fig. S5(b). It may occur due to the 

ultimate redistribution of the incident-wave energy at the -1th order cut-off. As  increases, the right 

edge of the -domain passband is shifted towards larger . Its location can be very arbitrary, from 

very small angles to the (pre-)grazing angles, depending on .  

 

5. Reflection in the order m=0 for TM polarization  

Figure S6 presents r0 in case of TM polarization, in addition to Fig. 7. As shown, r0 is close to unity, 

so that the effect of higher orders, which is needed for deflection, is negligible. Hence, switching 

between angle-dependent specular reflection/deflection and related low-/bandpass spatial filtering in 

on state, and angle-independent specular reflection in off state is possible by using TE polarization 

and TM polarization, respectively, while  is fixed.   

 
Figure S6: Reflection efficiency, r0, for the wavelengths of 1500, 1700, 1900, and 2100 nm, TM polarization. 
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