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1. Introduction

Graphene is a promising material owing to its novel
physical properties [1], such as band structure [2] and di-
amagnetism [3], which are often thickness-dependent.

To fulfill these properties toward device applications,
thickness-controlled epitaxial graphene should be therefore
produced. The recent advance in epitaxy of graphene on
SiC makes it possible to produce high-quality graphene on
a wafer scale [4]. An unintentional variation in thickness of
the epitaxial graphene is introduced because of random
nucleation near steps on the SiC substrate. It is therefore
important to reduce the density of surface step on SiC sub-
strate, in order to acquire the homogeneous epitaxial gra-
phene film.

In this paper, we demonstrate self-organization of the ep-
itaxial graphene with the aid of SiC substrate microfabrica-
tion (L-EG). Spectromicroscopies confirm an improvement
in the thickness-variation of u-EG by adjusting microfabri-
cation patterns. The improvement is due to a suppression of
the random nucleation by decreasing surface step density
on the microfabricated SiC. Furthermore electronic proper-
ties of u-EG vary with the microfabrication pattern.

2. Experimental

We used 6H-SiC(0001) nitrogen-doped with a resistivity
of ~0.02 Q cm as the substrates. The substrate microfabri-
cation was performed by electron-beam lithography, fol-
lowed by the etching using fast atom beam of SF¢. The
etching depth was typically ~ 100 nm. The samples were
then etched by in hydrogen before graphene epitaxy. Gra-
phene growth was carried out in a vertical cold-wall reactor
comprising a double-walled, water-cooled quartz tube and a
graphite susceptor in a slow flow of argon (purity 5.0).
LEEM and PEEM measurements were carried out by
LEEM III (Elmitec GmbH) installed at BL17SU, SPring-8.

3. Results & Discussions
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Microscopic thickness variation of u-EG

Figures la-b show LEEM images of u-EG on different-
ly-oriented rectangular pattern microfabricated on
6H-SiC(0001). From the LEEM image of p-EG on
non-fabricated region, the miscut of the substrate is in the
[1120] direction. Consequently the steps run parallel along
the [1100] direction. The shortening of the side in the
[1120] direction remarkably decrease the thickness varia-
tion (Fig. 1a), while that in the [1100] direction cannot de-
crease the thickness variation (Fig. 1b).

The effect of the shortening of the side is remarkable in
the rectangle pattern whose side in the [1120] direction is
< 2 um. By AFM observations, it was found that no
bunched step exists in the smaller patterns where no thick-
ness variation is observed in Fig. la. It is thus concluded
that thickness variation can be suppressed by decreasing the
density of surface step where random nucleation of gra-
phene occurs [5].

Electronic properties of i-EG

Pattern-dependent electronic properties of u-EG were
probed by electron-reflectivity from the LEEM images be-
cause, in previous papers [6, 7], it is reported that the dip
position is closely related to work function.

Figure 1c shows typical electron-reflectivity spectra of
p-EG (single layer) from the LEEM image (Figure 1a). The
dip position varies with the pattern size. Figure 1d shows
the shift of the dip position by the pattern size and shape.
The dip position redshifts by decreasing the length of side
in the [1120] direction, while the dip position is indepen-
dent of the size of the pattern whose short side is in the
[1100] direction. By comparison to the LEEM images (Figs.
1 a and b), these results indicate that the dip position is sen-
sitive to the thickness-variation of pu-EG. On the same SiC
substrate, the redshift of dip position indicates the change
in the work function of graphene [7]. Our result therefore
suggests that the degree of the doping of u-EG varies with
shape and size of the microfabrication pattern, maybe due



to the change of the density of impurities near the bunched
steps where the thickness of the epitaxial graphene change.
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Fig. 1 (a, b) LEEM images of p-EG on different rectangular
patterns on the microfabricated 6H-SiC(0001) substrate.

(c) typical electron reflectivity spectra of single layer of u-EG
on the rectangular pattern from image a. (d) Dependence of the
dip position in the electron reflectivity spectra of single layer
graphene on the rectangular pattern and size, relative to the dip
position of EG. The filled and white circles are the dip positions
of the spectra of the rectangle patterns whose shorter sides are
in the directions of [1120] (image a) and [1100] (image b),
respectively.

3. Conclusions

In summary, we have demonstrated that the epitaxial
growth on microfabricated SiC(0001) provides uniform
graphene layers, without thickness-variation, by adjusting
size and shape of the microfabrication pattern. The uniform
single graphene layer can be obtained in smaller pattern
owing to the reduction of the density of surface step which
originates the random nucleation. All necessary steps (sub-
strate microfabrication, hydrogen etching, and graphene
synthesis) can be fit with current semiconductor manufac-
turing. In combination with advanced microdevice produc-
tion technologies, highly reliable graphene-based devices
can be fabricated on a wafer scale.
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