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Nanofacet Lithography: A New Bottom-Up Approach
to Nanopatterning and Nanofabrication by Soft Replication
of Spontaneously Faceted Crystal Surfaces**

By Rachel Gabai, Ariel Ismach, and Ernesto Joselevich*

The large-scale patterning of materials and molecules down
to nanometer feature sizes is a critical issue of nanoscience
and nanotechnology. Photolithography is limited by the wave-
length of light, which is 193 nm for the deep-UV technology
used today in industry, while extreme-UV technology under
development can reach 50 nm feature sizes, aiming for 32 nm
in 2009.[1] These limitations have motivated an extensive ex-
ploration of alternative lithographies based on self-assembly.
Soft lithography is a versatile approach for the replication of
patterns into a broad variety of media,[2] but the original pat-
tern, as in photolithography, has usually to be generated by
other methods. Nanopattern generation systems (NPGSs)
include electron-beam lithography[3] and scanning-probe
nanolithographies, such as dip-pen nanolithography[4] and
constructive nanolithography,[5] which can reach feature sizes
down to 5, 30, and 9 nm, respectively. These methods have
the advantage that the pattern is encoded in a computer-as-
sisted design software file, allowing the deterministic genera-
tion of arbitrary, aperiodic patterns, as well as periodic
patterns with high degrees of perfection and long-range order.
A major disadvantage of these top-down nanopattern genera-
tion methods, however, is that they are serial, and hence
extremely time consuming for large areas. A recent nanofabri-
cation method based on the replication of superlattice cross
sections yields sub-10 nm periodic nanowires of high perfec-
tion,[6] but the width of the patterned area is limited to a few
hundred micrometers by the thickness of the templating
superlattice. Bottom-up nanopattern generation processes
based on spontaneous self-assembly, are parallel, and thus of
special technological as well as scientific interest, especially
for large-area, periodic nanostructures where perfection and

long-range order are less critical. This may be the case for
nanoelectronics, where connectivity and short-range order are
more important than long-range order, and there can be a cer-
tain degree of defect tolerance,[7] as well as for many other
applications in surface and materials technology, such as dis-
play and microarray technology, micro-electromechanics,
chem/bio sensing, and so forth.[8] Promising such approaches
of bottom-up nanopattern generation include those based on
the self-assembly of block copolymers (block-copolymer
lithography),[9] colloidal particles (nanosphere lithogra-
phy),[10] and biomolecules (biotemplate lithography),[11]

where the patterns are encoded in the polymer block lengths
and their relative affinities, the colloidal nanoparticle size,
and the genetically encoded molecular shape and recognition,
respectively.

Here, we present a new type of bottom-up nanolithography
templated by the spontaneous faceting of unstable crystal
surfaces, which leads to the self-assembly of periodic nano-
patterns. The self-generated nanopattern is encoded in the
instability and anisotropy of the crystal surfaces, serving as
templates, and can be transferred to any other medium. This
general concept that we call ‘nanofacet lithography’ (NFL) is
schematically represented in Figure 1. The idea is the follow-
ing: typical crystals are usually overlooked as nanoscopically
dull, since their lattice parameters are well below the nano-
scale. Though true for the bulk, so far this is not true for the
crystal surfaces, which are intrinsically unstable, and can un-
dergo a series of spontaneous restructurings, eventually end-
ing with the formation of a periodically faceted surface.[12,13]

The surface-restructuring processes, represented in Figure 1,
lead to a progressive increase in the surface periodicity from
0.1 nm to 1 lm, encompassing the whole nanoscale.
Periodically faceted surfaces have been extensively used as
epitaxial substrates for the production of self-assembled nano-
wires.[12–15] Recently, we reported the generation of carbon-
nanotube patterns of fresh and annealed sapphire by ledge-
directed epitaxy, and graphoepitaxy along atomic steps[16] and
nanofacets,[17] respectively. Periodic faceting patterns, how-
ever, have not yet been transferred or replicated to other
media. In the present study we replicate this self-generated
nanopattern and use it as a template for nanopatterning and
nanofabrication, Figures 1 and 2.

To approach the investigation of this new concept in a gen-
eral and systematic way, NFL was performed using the two
types of faceting surfaces referred to in Figure 1: i) a vicinal
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surface (i.e., a crystal surface cut along a high-index plane that
is slightly tilted from a low-index one), which spontaneously
facets into L-shaped nanosteps (Fig. 1a); and ii) an unstable
singular surface (i.e., a crystal surface cut along a low-index
plane), which spontaneously facets into V-shaped nano-
grooves (Fig. 1b). The surfaces chosen to represent these two
types are: i) a miscut C-plane sapphire, namely vicinal
a-Al2O3 (0001) tilted by 2° toward [1100] (Fig. 2b and c); and
ii) M-plane sapphire, that is, a-Al2O3 (1010) (Fig. 2i and j).
The NFL procedures are flowcharted in Figure 2, with the
respective geometric models displayed in Figure 3, and repre-
sentative results are shown in Figures 4 and 5 (additional fig-
ures are available as Supporting Information). The periodic
arrays of highly straight and parallel nanofacets are generated
by annealing different unstable faces of sapphire (a-Al2O3).
These self-generated nanopatterns are replicated by a stan-
dard soft-lithography procedure to produce patterned self-as-
sembled monolayers (SAMs) of thiols on Au[18] or silanes on
Si/SiO2

[19] in parallel lines or crossbar arrays, where the thin-
ner lines are as thin as 10 nm with a pitch of 40 nm, extending

over areas of centimeters squared. Wet etching of the SAM-
masked Au and Si leads to periodic wires, grids, V-groves, and
waffles of nanoscopic widths and pitches. Such unprecedented
width, density, and area all together, and the variety of possi-
ble structures, highlight the potential of the NFL approach.
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Figure 1. Schematic representation of the NFL approach: different self-
structuring processes at vicinal (a) and singular (b) crystal surfaces, lead-
ing to increases of the period, and their subsequent replication to other
media: a) miscut by an angle h increases the surface pitch from a to d
with feature height h, and step bunching further increases the pitch to D
with feature height H. b) Relaxation and reconstruction increase the sur-
face pitch from a to A, and faceting further increases the pitch to D, with
a feature height of the same order of magnitude.

Figure 2. Flowchart describing the processes of NFL using vicinal
C-plane and singular M-plane sapphire. a) Equilibrium shape of a-Al2O3,
with facets C{0001}, R{1102}, S{1011}, P{1123}, A{1120}, and M{1010}
(too unstable to be observed), in order of increasing surface energy. The
same drawing is used to show the different cutting directions. b) Miscut
by an angle h from the C-plane toward [1100] produces a vicinal a-
Al2O3(0001) surface with atomic steps along [1120]. c) Annealing leads
to R-faceted, L-shaped nanosteps spaced by C-plane terraces. d) Cast
PDMS. e) Peal off PDMS stamp. f) Ink PDMS stamp in solution of thiol
or silane. g) nCP on target surface of Au or Si/SiO2, respectively. h) Lift
stamp. i) Cut along M-plane produces an unstable surface of singular
a-Al2O3 (1010). j) Annealing leads to S-/R-faceted, V-shaped nano-
grooves. k–o) Steps analogous to (d)–(h).

Figure 3. Geometric model of the critical interfaces involved in NFL:
a) Faceting of miscut C-plane sapphire, and its replication to PDMS.
b) Subsequent nCP of thiols or silanes onto Au or Si/SiO2 surfaces,
respectively. c) Faceting of M-plane sapphire, and replication to PDMS.
d) Printing onto Au or Si/SiO2, as in (b).



The different templates were produced as wafers by cutting
and mechanically polishing single crystals of sapphire
(a-Al2O3), either at 2° off the C-plane toward [1100], or along
the M-plane (Fig. 2a). The lattice and miscut orientations of
the vicinal surfaces were determined by a technique of asym-
metric double-exposure back-reflection X-ray diffraction

described previously.[16,17] The miscut
C-plane and the M-plane sapphire were
then thermally annealed in air at 1100
and 1500 °C for 5–10 and 20–48 h, re-
spectively. Polydimethylsiloxane (PDMS,
Sylgard 184) was cast on top of these
substrates and pealed off. The resulting
elastomeric stamps were inked either
with a solution of 1-hexadecanethiol in
ethanol or with a solution of octadecyl-
trichlorosilane (OTS) in hexane, and
manually pressed for 1 min onto Au-
coated or bare native-oxide Si wafers,
respectively. The printed Au surfaces
were then allowed to react with 16-mer-
captohexadecanoic acid to derivatize
the remaining bare regions, or to imme-
diately react with a selective etching so-
lution (0.001 M K3Fe(CN)6, 0.1 M KSCN,
and 1.0 M KOH) to create nanostruc-
tures.[20] The printed Si surfaces were al-
lowed to immediately react with a dilute
KOH etching solution again to create
nanostructures. The faceted sapphire
templates, the elastomeric stamps, and
the etched Au or Si nanostructures were
topographically imaged by using tap-
ping-mode atomic force microscopy
(AFM), whereas the Au-patterned
SAMs were imaged by using contact-
mode AFM (friction). The etched Si
nanostructures were also imaged by
using scanning electron microscopy
(SEM).

The faceting tendencies of sapphire
are indicated by its equilibrium shape
(Fig. 2a),[21] where the relative area of
the different facets decreases with in-
creasing surface energy. Miscut C-plane
toward [1100] at room temperature pro-
duces vicinal a-Al2O3(0001) surfaces
with atomic steps along [1120] (Fig. 2b),
whereas an M-plane cut produces a
singular but unstable surface of
a-Al2O3(1010). Upon annealing, both
unstable surfaces tend to reduce their
surface energy by rearranging into the
most-stable facets that conform to the
macroscopic orientation, which remains
constant. The size of the facets is deter-

mined by equilibrium between the elastic energy due to sur-
face stress, and the energy of the facet edges. Following
Marchenko theory,[12,13,22] the energy of a periodically faceted
vicinal surface per unit of horizontal area is given by Equa-
tion 1, where c0 and c1 are the surface energies of the flat
terrace and the step facet, respectively; H and D are the step
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Figure 4. NFL of thiols on Au: a) AFM topography of annealed M-plane sapphire: nanogroove pitch
37±3 nm. b) AFM topography of the resulting PDMS stamp: nanogroove pitch 40±5 nm. c) Fric-
tion-mode AFM image of the patterned SAM of 1-hexadecanethiol and 16-mercaptohexadecanoic
acid on Au: line pitch 50±10 nm. Insets: Fourier transforms (scale: 32 lm–1). d) AFM topographic
3D-projection of the patterned sample after wet-etching. e) Height profile across the Au nanowires
and Fourier analysis of (d). f) AFM image of Au grid nanostructure and its Fourier transform.

Figure 5. NFL of silanes on Si/SiO2. a) SEM and b) AFM images of an etched Si nanogroove array.
c) 3D AFM topographic image of the same sample and its height profile. d) SEM and e) AFM im-
age of a Si waffle nanostructure.



height and pitch, respectively; g is the energy of the facet
edges per unit of length, s is the intrinsic surface stress, Y is
the Young’s modulus, a is the lattice parameter, and C1 and
C2 are geometric factors related to the symmetry and elastic
anisotropy of the facets. Upon extensive annealing, the steps
reach an equilibrium height Heq when ∂E/∂H = 0. Considering
that H and D are related to the miscut inclination h (Figs. 1a
and 2a) by H/D ≈ h, this leads to Equation 2, which explains
the self-assembly of steps with heights that can be about three
times or greater than the lattice parameter. Since Heq is inde-
pendent of h, the step pitch D is inversely proportional to h.

E � c0 � c1
H
D

� C1g
D

� C2s2

YD
ln

H
a

� �
�1�

Heq � a exp 1 � C1gY
C2s2

� �
�2�

A vicinal or any high-index plane is not a necessary condi-
tion for faceting. In fact, certain low-index faces of crystals
can be extremely unstable. In such case, the same Marchenko
theory predicts the energy of the resulting periodically faceted
surface per unit of horizontal area to that given by Equa-
tion 3, where c1, c2, h1, and h2 are the surface energies and the
inclination angles of the two stable facets, and C is the geo-
metric factor related to the symmetry and elastic anisotropy
of the facets. Upon extensive annealing, the facets reach an
equilibrium pitch Deq when ∂E/∂D = 0, given by Equation 4.
This explains the self-assembly of periodic nanofacets with a
pitch that can be about three times or greater than the lattice
parameter. Since there is no stable face near the horizontal
plane, the resulting periodically faceted surface will consist of
a series of V-shaped nanogrooves.

E � c1
sin h2

sin h1 � h2� � � c2
sin h1

sin h1 � h2� � �
g
D

� Cs2

YD
ln

D
a

� �
�3�

Deq � a exp 1 � gY
Cs2

� �
�4�

Thus, upon annealing, the atomic steps along [1120] of the
miscut C-plane sapphire bunch together into R-faceted,
L-shaped nanosteps of height 4 nm, spaced by nearly horizon-
tal C-faceted terraces, with a pitch of 65–80 nm (Figs. 2c, 3a
and Supporting Information Fig. S1a).[16,17,23] The flat surface
of M-plane sapphire breaks into alternate R- and S-faceted,
V-shaped nanogrooves with inclinations of 16.7° and 32.6°,
respectively (Figs. 2j, 3c, and 4a).[15] The pitch and depth de-
pend on the annealing conditions and proximity to equili-
brium. In the present case, the pitch and depth are ca. 40 and
8 nm, respectively, although facet pitches up to 400 nm are
also possible at higher temperatures. The stamp resulting from
miscut C-plane sapphire has shallow L-shaped nanosteps,

which could, in principle, print wide stripes of alkanethiol
self-assembled monolayers (SAMs; Figs. 2h and 3b), leaving
narrow lines of intact Au near the step. The stamp topography
(Supporting Information, Figure S1b) was found to effectively
reproduce the shape of the sapphire template. However, the
patterned SAMs resulting from these surfaces could not be
resolved, either because of insufficient imaging resolution, or
due to diffusion of the alkanethiol onto the narrow areas of
intact Au. On the contrary, the stamp resulting from the an-
nealed M-plane sapphire grooves (Figs. 2o, 3d, and 4b) has
deep V-shaped nanogrooves, and hence can print thin lines.
These patterned SAMs were successfully resolved by using
friction-mode AFM using ultrasharp carbon tips (Fig. 4c).
The images show 10–20 nm wide lines of a hydrophobic SAM
on a hydrophilic background, with a pitch of 40–60 nm. In all
the cases, the orientation and pitch of the lines are nearly the
same for the sapphire, PDMS, and the SAM. However,
further studies are needed to establish a correlation between
the line width, the degree of PDMS crosslinking, and the pres-
sure applied during nanocontact printing (nCP).

NFL was also used to fabricate Au nanowires and nanogrids
by etching patterned samples with hydrophobic thiols, used as
a mask, Figure 4d–f. Figure 4d shows a 3D-projected AFM
image of the patterned sample after selective wet-etching. Fig-
ure 4e shows its height profile and Fourier transform. The
width (or half-pitch) and the height of the NFL-generated Au
nanowires are both ca. 20 nm. The height of the Au nano-
wires is consistent with the thickness of the Au layer that was
deposited on the Si wafer. After we produced these parallel
nanowire arrays, we also succeeded to produce grid structures
by stamping twice at 90° prior to etching. Figure 4f shows an
AFM image of a Au nanogrid produced by using NFL, and its
Fourier transform.

NFL was successfully performed as well with OTS on Si/
SiO2 wafers using M-plane sapphire templates, Figure 5. The
silane stripes were patterned parallel to the [010] or/and [001]
directions of Si(100) wafers, followed by anisotropic etching
with KOH. Figure 5a shows a typical SEM image of an etched
Si V-nanogroove array with a pitch of 50 nm. The same sam-
ple was measured also by using AFM, Figure 5b. The average
nanogroove pitch was again ca. 50 nm. Figure 5c shows a 3D
AFM image of the same sample and its height profile. The
pitch and the depth of the Si grooves are ca. 50 and 120 nm,
respectively. Using NFL, we have also been able to create
waffle-shaped etched Si surfaces, Figure 5d–e. Figure 5d
shows a SEM image of a large area, and Figure 5e shows an
AFM zoom. The pitch and depth of the Si grooves are
ca. 50 and 100 nm, respectively.

An important aspect of self-assembled periodic structures,
which is not always carefully addressed, is the degree of peri-
odicity or long-range order. The correlation length of NFL-
generated Au nanowire arrays was determined from the decay
of the autocorrelation function of a topographic section across
the wires to be Lc = (1.5±0.4) lm, which corresponds to about
30±8 periods (Supporting Information, Figure S2). Having a
correlation length larger than the wavelength of visible light
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could be relevant to optical applications. We tried to assess
the maximum theoretical extent of long-range order that can
be attained by using NFL, assuming it to be thermodynami-
cally determined by the instability and anisotropy of the tem-
plating crystal surface. Considering only nearest-neighbor in-
terfacet interactions, the correlation length is Lc = Deq

2/r,
where r is the standard deviation of the interfacet
spacing. The interfacet spacing from a statistical analysis
(Supporting Information) is D = (44.3±2.2) nm, corresponding
to Lc = 0.9±0.1 lm, which is consistent with the value obtained
from the decay of the autocorrelation function. Based on the
interfacet potential profile predicted by Marchenko theory
(Eq. 3), and considering that the interfacet spacing may also
have a correlation decay length Lk along the facets, we can
predict the decay length of long-range order across the nano-
facets to be given by Equation 5 (see Supporting Information
for details), where Lk is the length of the statistically indepen-
dent nanofacet segments (analogous to a Kuhn’s length) at
which the interfacet distance correlation is lost, kB is Boltz-
mann’s constant and T is the annealing temperature. Assum-
ing equilibrium and using the experimental values of Lc and
Deq in our samples, the product Lkg, which is the energy of
the statistically independent nanofacet segments, is
Lkg = 430 eV. Further analysis, beyond the scope of this Com-
munication, would be needed to decompose these parameters.
The prediction is consistent with the intuition that nanofacets
with higher energy (higher g) and anisotropy (longer Lk)
should lead to higher extents of long-range order. The long-
range order could, in principle, be increased using different
crystals and annealing conditions, as well as surface coatings,
which could modify the surface energies and anisotropy. In
addition, other nanofacet morphologies, such as L-shaped
nanosteps (Figs. 1a and 2c), sawtooth-shaped nanosteps,[17]

periodic pyramids,[24] and so forth, could be used as templates
for the generation of more-complex nanostructures. The
successful transfer if these patterns to other media could be
improved by optimizing the mechanical and surface proper-
ties of the elastomeric stamp, and the replication procedure.

Lc � Deq
Lkg

kBT ln Deq

a

� �
� 1

� �
��
	


�
�

1

2

�5�

In summary, we have demonstrated that unstable crystal
surfaces can be used as spontaneous NPGSs for nanopattern-
ing and nanofabrication. NFL allowed us to form periodic lin-
ear and crossbar nanostructures on Au and Si/SiO2 substrates
on a large scale, and to pattern SAMs into straight and paral-
lel lines as thin as 10 nm with a pitch as small as 40 nm over a
1 cm × 1 cm area in a few seconds, as well as Au nanowires
and nanogrids, and Si V-nanogroves and nanowaffles. Just as a
reference, producing a pattern with similar dimensions by
standard electron-beam or scanning-probe nanolithography
would take nine months or 80 years, respectively. NFL is still
limited to a long-range order of 1–2 lm, although significant
room is left for improvement. On the other hand, this method

is fast, cheap, and easy, and removes the need for clean-room
facilities and heavy equipment. We have also introduced a
theoretical framework that enables a rational approach to
NFL. Since this may be one of the most efficient ways of
creating nanoscopic striped patterns of virtually any molecu-
lar or solid layers, this new method could find many applica-
tions, not only in future nanoelectronics, as mentioned before,
but also in more immediate technologies, such as the large-
scale production of geometrically and chemically tailored
alignment layers for liquid crystal displays (LCDs), which
would enable a finer and more rational control of the nematic
phases than the mechanically rubbed films used today.[25] The
first examples shown in this Communication highlight the
potential of NFL as a general bottom-up approach in nano-
technology and materials science.

Experimental

Sapphire: Miscut C-plane sapphire wafers were purchased from
Gavish Industrial & Materials Ltd., Omer, Israel (one side polished),
with a miscut inclination angle of 2° towards the [1100] direction, and
processed as previously described [16,17]. The wafers were cut into
1 × 1 cm pieces, and annealed in air at 1100 °C for 5–10 h. M-Plane
sapphire wafers were purchased from Monocrystal (Stavropol, Rus-
sia), cut into 1 cm × 1 cm pieces, and annealed in air at 1500 °C for
20–48 h.

Patterned SAM samples: Patterned SAM, silanes or thiols, were
made on clean native Si(100) (B-doped, 10–70 X cm, Virginia Semi-
conductor, Inc., Virginia, USA) and on Si(100) coated with a 50 Å
adhesion layer of Cr followed by 200 Å of Au, and then cleaned with
a piranha, 3:1, H2SO4/H2O2 solution for 2 h. Patterned SAMs were
prepared by using nCP, similar to microcontact printing (lCP) [20].
The templates for the fabrication of the stamps were the above-men-
tioned faceted sapphire. For the production of each elastomeric
stamp, the sapphire template was placed in a polystyrene dish, and a
degassed 9:1 (v/v) mixture of Sylgard 184 silicone elastomer and its
curing agent (Dow-Corning, Midland, Michigan, USA) was carefully
poured over it, and allowed to cure in an oven at 60 °C for 2h. The
elastomer was then very gently peeled off from the template, and used
as a stamp for nCP. The elastomeric stamps were first washed a few
times with n-heptane (Merck, Darmstadt, Germany) and ethanol (Bio
Lab, Jerusalem, Israel) and then inked with hexane (Bio Lab) solution
of OTS (Aldrich) or an ethanolic (Bio Lab) solution of 1-hexadecane-
thiol (Fluka), and pressed for 1 min onto Si or gold-coated Si sub-
strates to transfer the pattern. The printed Au surfaces were then
allowed to react with 16-mercaptohexadecanic acid (Aldrich) to deri-
vatize the remaining bare regions or to immediately react with a selec-
tive etchant solution (0.001 M K3Fe(CN)6 (Sigma–Aldrich), 0.1 M

KSCN (Sigma), and 1.0 M KOH (Frutarom, Haifa, Israel)) to create
nanostructures. The printed Si surfaces were allowed to immediately
react with a dilute KOH (Frutarom) etching solution, again, to create
nanostructures. The faceted sapphire templates and the elastomeric
stamps were topographically imaged by using tapping-mode AFM,
whereas the patterned SAMs were imaged by using AFM (contact
and tapping mode) and SEM.

Microscopy: Topographic tapping-mode and friction-mode images
were taken in air with a commercial AFM (Veeco, Nanoscope IV,
Multi-Mode). A friction-mode load of 40–50 nN was used. Topo-
graphic images of the sapphire were obtained with Veeco NanoProbe
AFM tips, model FESP (L: 221 lm, F0: 70–95 kHz). Topographic im-
ages of the PDMS stamps were obtained with NanoProbe tips, model:
TESP (L: 128 lm, F0: 272–322 kHz). Friction-mode images were ob-
tained with ultrasharp carbon-whisker tips from NanoTOOLS GmbH
(Germany), model HDC (High Dense Carbon), with a nominal radius
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of curvature R‡ 1 nm, mounted on short, thin, and narrow Si3N4 can-
tilevers (L: 115 lm, W: 15 lm, k=0.38 Nm–1). Field-emission SEM
(FE-SEM) images were acquired with a LEO ULTRA instrument in
ultra-high vacuum.
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Lithography

R. Gabai, A. Ismach,
E. Joselevich* ............................. j –j

Nanofacet Lithography:
A New Bottom-Up Approach
to Nanopatterning and Nanofabrication
by Soft Replication of Spontaneously
Faceted Crystal Surfaces

The faceting of unstable crystal surfaces provides self-assembling templates for soft
lithography, enabling the facile generation of a variety of periodic nanopatterned
monolayers, nanowires, nanogrooves, nanogrids, and nanowaffles of Au and Si
(the figure shows the replication of faceted sapphire to an elastomeric stamp, and
then to a patterned self-assembled monolayer).
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1. Faceting and replication of annealed vicinal C-plane sapphire  

 

(a) (b)

200 nm 200 nm 

Figure S1. (a) AFM topography of annealed miscut C-plane sapphire: nanostep pitch 80 ± 20 
nm. (b) AFM topography of the resulting PDMS stamp: nanostep pitch 90 ± 20 nm. Insets: 
Fourier transforms (scale: 16 µm-1). 
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2. Long-range order analysis of NFL-generated periodic arrays of Au nanowires 

 
 

Figure S2. (b) Statistical analysis of the center-to-center spacing D (selected region AFM 
shown in inset) in Au nanowire arrays generated by NFL from M-plane sapphire. The 
histogram is fit to a Gaussian distribution, yielding <D> ± σ = 44.3 ± 2.2 nm. (c) 
Topographic section across the wires. (d) Autocorrelation function of the topographic section. 
(e) Determination of the correlation length by linear regression of the logarithm of the 
autocorrelation function maxima, yielding Lc = 1.5 ± 0.4 µm. 
 

3. Theoretical model of long-range order in NFL 

The long-range order in the periodically faceted surface arises from the existence of an 

optimum interfacet distance Deq (equation 4) that minimizes the interfacet potential (equation 

3). If we assume only nearest-neighbor interfacet interactions, then the interfacet distances 

between different nanofacets are statistically independent. In such case, the standard 

deviation of the distance across any number n of facets accumulates to nσ, where σ is the 

standard deviation of the interfacet distance. The distance correlation across the nanofacets is 

lost after a critical number of nanofacets nc such that the cumulative standard deviation is of 

the same magnitude as the interface distance Deq (equation S1). Then, the correlation length 

is this critical number of nanofacets times the interfacet distance (equation S2). We can 

assume σ to arise from thermal fluctuations of the interfacet distance D from equilibrium. We 
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assume each nanofacet to be broken into a series of statistically independent segments of 

length Lk. Since E in equation 3 is the energy per unit of area, the energy of each statistically 

independent pair of neighboring nanofacets is U = EDLk. The spring constant k of the elastic 

interaction between two statistically independent nanofacet segments is the second derivative 

of this potential energy around equilibrium (equation S4). For small fluctuations, we can 

approximate the energy U to a harmonic potential given by equation S5. The probability of an 

interfacet distance D is then a Boltzmann distribution having the Gaussian form given by 

equation S6, where the standard deviation σ is given by equation S7. Solving the derivative 

of equation S4 using equation 3, gives the spring constant in equation S8, which combined 

with equation 4 can be converted to equation S9. Finally, combining equations S2, S7 and S9 

results in the theoretical correlation length Lc given by equation 5. 
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The experimental values we used for determining Lkη are: Correlation length Lc = 1.5 

µm, annealing temperature T = 1773 K and Deq = 44.3 nm. The crystallographic direction 

across the facets of α-Al2O3 ( 0110 ) is [0001], so the lattice parameter a is the c parameter of 

the unit cell, i.e. a = 1.3 nm.  
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