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Study on Fabrication Method of High Quality Graphene

by

Masao Nagase

This report describes formation and evaluation techniques of high-quality graphene
on silicon carbide (SiC) for new functional devices. Epitaxial graphene on SiC
substrates is one of the most promising candidates for wafer-scale graphene. Large area
graphene with minimal roughness was successfully fabricated using infrared rapid
thermal annealing. A surface structure control technique was established to create a
uniform single-crystal monolayer of graphene on a SiC substrate. Graphene nano-
properties were measured using scanning probe microscopy (SPM) such as friction
force microscopy (FFM) and Kelvin force microscopy (KFM). Graphene electrical
properties, such as anisotropy of mobility and graphene-graphene contact system are

also discussed.
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Fig. 1 Temperature profiles for graphene growth

Fig. 2 Scanning probe microscopy (SPM) images of
single-layer graphene on structure controlled
surface. (a) Topographic image, (b) Phase image.

2B 7 7 = v DI BATETH 5, & 2 THALIE,
TR T H 2 PINRAIGIRE 2 2 RRFF L £ 7
77V EIBRT I EEHEL 2, BEEEPTOM
R TIE, ROy 7 7 BIEEREE (75 7 2 v RE
OIER) RIS 2 2 ENHERHINTE
D, COBRBTRAEINEZFHEIETICNY 7 7 HIEK
No 777 VB E TR LZHEND 5, B, &L



—
=]
N
h

=

LS

Height (nm)

= e

1000 2000 3000 4000

Distance (nm)

0

—

=3

—
wn

I

1l

Height (nm)

—

=}

Counts

Fig. 3 (a)Cross-sectional surface profile of single-
layer graphene. (b)Histogram of height of graphene
on structure controlled surface.
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Fig. 4 Cross-sectional TEM image of single-layer graphene on SiC.

(a) Terrace region. (b) Step region. (c) Wide area image.
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Fig. 5 Graphene on SiC substrate. (a)Topographic
image. (b)Friction force image.

Fig. 6 Friction force images of graphene on SiC.
(a) [11-20] direction scan. (b)[1-100] direction scan.



Fig. 7 (a) Friction force images of graphene on SiC.
(b)2D FFT spectrum of (a).
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Fig. 8 (a) Topographic image of graphene on SiC.
(b) KFM image in Air. (c) KFM image in Nz.
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Fig. 9 Surface potential measured by KFM
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Fig. 10 Plot of carrier mobility v.s. sheet carrier
density of graphene on SiC fabricated using infrared
thermal annealer.
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Fig. 11 Schematic of aligned van der Pauw method.
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Fig. 12 Current angle dependence of resistivity
measured by aligned van der Pauw method for

graphene on SiC.
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Fig. 13 Current angle dependence of mobility and
sheet carrier density measured by aligned van der
Pauw method for graphene on SiC.
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Fig. 14 Schematic of stacked graphene device. (a)
Top view. (b) Side view. (c) Graphene-graphene point

(d)

graphene-graphene stacked junction device.
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Fig. 15 Electrical characteristics of graphene-
graphene stacked junction device. Both graphene
(a) Ohmic
(b) Non-ohmic

(tunneling) junction at low contact force.

samples are electron doped (n-type).
junction at high contact force.
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Fig. 16 Electrical characteristics of graphene-
graphene stacked junction device. One of graphene
sample is as-grown electron doped (n-type). The

other is hydrogen annealed sample (p-type).
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