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Introduction
Metal  nanowire  arrays  (MNAs)  could  have 
potential  utility  in  many  electrical, 
electrochemical,  photonic  and  photovoltaic 
applications1,  but  no  routes  exist  to  their 
fabrication  in  freestanding  vertically-oriented 
form.  In  this  work,  the  anodized  aluminum 
oxide  (AAO)  template  fabrication  technique2 
was  modified  to  produce  well-ordered, 
vertically  oriented,  freestanding  Al  nanowire 
arrays.  Several  potential  applications  come to 
mind, including solar cells with improved light-
trapping. 

Figure  1.  Methods  of  fabricating  metal  and  non-metal 
nanowire  arrays.  Non-metal  nanowires  are  routinely 
fabricated  via  bottom-up,  top-down,  and  template 
methods,  while  metal  nanowires  only  via  template 
methods.  However,  existing  templates  have  limited 
geometries, which prevents freestanding MNA fabrication. 
Growth of  carbon nanofibers  is  a  bottom-up fabrication 
method of  freestanding MNAs,  but  produces  disordered 
nanowires with poor conductivity relative to true metals3,4. 
The right center image depicts the process reported in this 
work, possibly the first top-down method to create MNAs.
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Fabrication Process
In  the  present  process,  a  stamp 
containing  an  array  of  Ni  pillars  is 
fabricated and used to create an array 
of indents on an Al surface. The Al is 
then  anodized  via  immersion  in  an 
acid  and  application  of  a  potential 
difference   between  the  Al  and  a 
carbon  rod.  Pores  in  the  resulting 
AAO template preferentially nucleate 
at  the  indents.  At  sites  in  the  array 
missing  an  indent  by  design,  Al  is 
protected from oxidation.  Subsequent 
etching  of  the  alumina  reveals 
freestanding Al nanowires.

Figure 2. Fabrication process for Al nanowires, with representative AFM and SEM data 
showing each step on top, and corresponding schematics on bottom.(a) AFM of Ni stamp 
used to indent the Al, (b) SEM of indented Al surface, (c) SEM of AAO template surface, 
(d) SEM of Al nanowires. Scale bars 2 µm.
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pending publications.

Results
Figure  4.  (Top)  Diagram 
demonstrating  how  a  hexagonal 
array  of  pores  can  produce 
different  lattice  geometries  of 
nanowires.  Circled  green  dots 
emphasize  that  all  the  nearest 
neighbors of these nanowires were 
pores. (Middle) SEMs of resulting 
Al  nanowire  arrays  in  a  (left) 
hexagonal  lattice  and  (right) 
square  lattice,  tilt  0º.  (Bottom) 
SEMs  of  same  regions  with  30º 
tilt. Scale bars 2 µm.

The aluminum nanowires in the arrays produced in 
this  work have diameters  of  700 nm with  tunable 
pitch and height,  demonstrated between ~2-10 µm 
and  ~5-20  µm,  respectively.  Both  square  and 
hexagonal  arrays  of  nanowires  were  achieved,  as 
shown in  Figure  4.  The  nanowires  were  found  to 
have  quasi-hexagonal  cross-section,  concave 
surfaces, and sharp edges with radii of curvature ~10 
nm, as shown in Figure 5. The contrast in brightness 
between the edges and faces of the nanowires in the 
SEM  micrographs  suggests  electric  field 
enhancement at these edges. 

Figure 5. (a) High contrast 
SEM  of  Al  nanowires 
showing  electric  field 
enhancement  at  the 
nanowire  edges  and 
corners.  (b,c)  High 
resolution SEMs show the 
radius  of  curvature  of  the 
nanowire  corner  to  be       
~ 10 nm.

Conclusions
The topography of the fabricated Al nanowires shows 
potential  promise  for  applications.  The  sharp  edges 
may  be  favorable  for  field  enhancement,  useful  for 
increasing light absorption in photovoltaics5. Figure 6 
shows the field to be enhanced by ~100 compared to 
the planar case.

Finally, previous reports of a similar AAO technique in 
roll-to-roll form7 suggest the process may be scalable 
for low-cost manufacturing of large surface area (m2) 
devices (e.g. electrolyzer electrodes shown in Fig. 7.)

Figure  6.  Calculated 
electric field at the tip of a 
cone with 10 nm radius of 
curvature6, used to simulate 
the electric field at the tip of 
a corner on an Al nanowire. 
The  analogous  planar  case 
would be two flat  plates  1 
mm apart with 1 V between 
them, causing 103 V/m.

Figure 7. Artistic rendition of Al nanowires serving as high surface 
area electrodes for an electrolyzer.
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Summary of Methods 
for Nanowire Fabrication

Hexagonal & Square Arrays Attainable

Height & Pitch Tunable 
Figure  3.  SEMs 
d e m o n s t r a t i n g 
attributes  of  Al 
nanowires: (a) nano-
wires  with  large 
height and pitch, (b) 
discrete  hexes  of 
nanowires  demon-
strating  pitch  varia-
bility.

Sharp Edges Enhance Electric Field Strength

Possible Application of Al Nanowires as 
High Surface Area Electrode

E-Field Enhancement ~100x


