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Supporting Information 

We demonstrated that a square array of microspheres could be fabricated when the (100) plane of the 

colloidal PS assemblies in fcc symmetry was directed toward the reactive plasma normal to the 

substrate[14]. A mixture suspension of 1.01 µm PS (1.0 wt%) and 50 nm silica nanoparticles (0.13 wt%) 

was used for this experiment. The SEM images of the (100) planes of PS bead arrays after a tilted RIE 

process were shown in Fig. S1. A double layered particle arrays were obtained after a tilted RIE, in which 

the particles in the bottom layer have one large limb, two mid-size limbs, and a small one (Fig. S1a). 

Obviously, the shape of the particles in the bottom layer was also affected by the rotating angle (or crystal 

plane with different direction of domain) to the RIE etchant flow, similarly to the previous result for the 

facing (111) plane of hexagonal packing. The structures having two large wings and two negligible wings 

could be obtained after adhesive detachment of the top layered PS particles from other (100) domains with 

different orientation relative to the RIE process (Fig. S1b). In this experiment, the double layered PS 

particles in the silica matrix were used and the conditions of RIE were exactly the same as those for Fig. 

S1a. Therefore, a structure identical to that in Fig. S1b would be obtained by rotating the structure of Fig. 

S1a by about 38° (or -52°). In this concentration of the mixture, thicker colloidal arrays could be obtained 

compared with that of Fig. 3a and 3b, and consequently, the triple layered PS arrays were formed in some 
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regions. Obviously, the RIE-induced pattern of a triple layer will be different from that of a double layer. 

This is clearly seen from the SEM image in Figure S1c of the particle arrangement in the bottom (3

rd) layer after adhesive detachment of the first two layers from a triple layer, as compared with Fig. 

S1b for a double layer.  

 

Figure S1. a & b, Schematic diagrams and SEM images produced from a tilted RIE process when the 

(100) plane of fcc packing was directed toward the RIE etchant flow. In a and b, the colloidal double layer 

and the composite layer of PS (1.01 µm) particles and silica nanoparticles were used, respectively. The 

tilted angle, θ, was 30o. The exposure time to RIE was 10 min. Arrow in b indicates the residual top layer 

after adhesive detachment. c, Schematic of triple layered stacking and SEM image of 3rd layer particles 

after removal of the first two layers. Inset shows different structure when (100) plane was etched in a 

different direction as in b. Scale bar is 1µm. 
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The level of the silica nanoparticles is strongly dependent on the ratio of silica to PS bead contents for a 

given substrate. When the contents of 1.01µm PS microspheres and 50 nm silica nanoparticles were 1.0 

wt% and 0.13 wt%, respectively in the mixture suspension, the PS beads in the bottom layer were partially 

embedded in the silica nanoparticles as shown in Fig. S2a. In some regions, however, little thicker silica 

matrix were also observed in the same sample as shown in Fig. S2b and Fig. 4. While, for a more dilute 

silica nanoparticles at 0.09 wt%, most of the silica matrix was formed beneath the top layer of PS 

microspheres as shown in Fig. S2a and Fig. 3 and the thicker structure like Fig. S2b was rarely found.    
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Figure S2. a & b, SEM image of the composite layer of 1.01 µm PS microspheres and silica matrix after e

xposure to a tilted RIE process. The composite layer was formed using a mixture suspension with the cont

ents of PS microspheres and silica nanoparticles fixed at 1.0 wt% and 0.13 wt%, respectively. The tilted an

gle was 30o. The angle, θ, was 30o.  
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Figure S3. a, Schematic for the fabrication of an array with regular pores using an inverted colloidal mask. 

b, SEM image of the silica mask with windows of three fold symmetry. c, SEM image of the PS beads on 

the bottom-layer with regular pores after removal of the silica mask by using adhesive tape. The exposure 

time to RIE was 8 min. 
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Figure S4. SEM images of the binary colloidal crystal for the size ratio of 0.574. Silica spheres were 

packed tightly due to the geometrical confinement effect of the PS predeposited spheres. a, SEM image of 

binary colloidal crystal formed at region for a lower concentration of silica spheres. The structure in a is 

similar to the LS2 sequence of the previous studies. However, LS and LS3 structures were not observed in 

our case because the silica particles were larger than those used in the previous studies. b, SEM image at 

the interface where a transition occurred from non-close packed to close packed structure. Scale bar is 2 

μm. The increase in concentration due to the evaporation of solvent resulted in the close packing of the 

silica spheres. 

 

 


