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Nanowires attract a great attention for the applications as electronic, structural and 
molecular building block. Therefore, it is important to manipulate nanowires into 
desired alignment or shape for further device fabrication. With the help of crystal 
substrate, various semiconductor nanowires can be grown epitaxially mostly through 
vapor-liquid-solid process. However, this growth gives only one directional alignment, 
toward energetically preferred crystal direction. Although some conditions results in 
planar nanowires array1, individual control of the single nanowire has not been 
demonstrated. 

Previously, Focused Ion Beam (FIB) process was suggested to modify 
nanostructure like nitride membrane2 and carbon nanotubes3. Our research applies 
this FIB technique to regular silicon nanowires array to investigate the potential of 
arbitrary complex structure fabrication. 

The schematic of the process is shown in Fig. 1. Vertically aligned silicon 
nanowires with 10 um length were grown on Si (111) substrate from gold pattern 
prepared by electron beam lithography (Fig. 2a). Gallium FIB (Strata DB235, FEI) 
was scanned at the side of nanowires to fold the nanowires. Required dose for the 
specific angle was characterized with nanowire thickness and bending length. To find 
optimal condition, low dose line patterning was repeated until desired bending angle 
was achieved. When the nanowires were thin (d ~ 150 nm), relatively small dose 
(60pC/um) was required to fully bend vertical nanowires to planar array at the near 
bottom, as shown in Fig. 2b. The thicker nanowires (d ~ 250 nm) needed higher dose 
(100pC/um) to generate the same angle even at the shorter length (Fig. 2c). However, 
this low sensitivity allowed more precise bending control. By adjusting irradiation 
dose, gradual bending was readily obtained, showing intermediate angled structure 
like Fig. 2d.  

As demonstrated from the result, this technique could provide interface 
between simple 3-D nanowires array and complex structure or even 2-D planar array. 
This result could be applied to nanowire based device fabrication with precise 
position and shape control.  
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Fig 1 : Schematic bending process : FIB irradiated nanowire is bent. Arbitrary angle 
of bending is achieved by controlling beam dose. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2 : SEM micrographs : (a) Vertically grown silicon nanowires array (b) Planar 
nanowires array by bending at the bottom (c) Right angled bending at the middle 
point (d) ‘hook’ shape array by multiple bending. All pictures viewed from 45 degree 
rotation and 45 degree tilting. Scale bar = 5 um. 
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