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Fig. 1. Side view (a) and top view (b) of single-layer
graphene on SiC(0001) surface.
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# 1 Cu RFEVIES 4H-SiC(0001) AR Eysic, B, Esic Fl Waq

Table 1. Ezysic, Em, Esicand Wy values for the different Cu planes contact to 4H-SiC(0001).

FHHR R Eysic /eV En feV Esic /eV Waa / (J-em™2)
Cu(111) /4H-SiC(0001) ~154329.42 ~134459.95 ~19851.12 0.0562
Cu(110)/4H-SiC(0001) -164264.27 —134455.87 —29790.06 0.0279
Cu(001)/4H-SiC(0001) —154340.26 —134456.34 -19865.27 0.0515
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SiC(0001) A1 Pt (001)/4H-SiC(0001) £544.
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Table 2. The calculated W,, values of the metal super-
cells after lattice mismatching, compared with the theoreti-

cal and the experimental values in reference [26].

Metal W, /eV B /eV SEEHER JeV
Ag 4.52 4.19 4.26
Ti 4.43 4.38 4.33
Cu 4.68 4.51 4.65
Pd 5.16 4.89 5.12
Ni 5.12 4.92 5.15
Pt 5.76 5.31 5.65
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Fig. 2. Schematic band diagram shows the relationship
between SBH and planar-averaged local potentials for metal/
SiC contact.
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Fig. 3. The planar-averaged local potential for Ti/IGR/

SiC along the zaxis.
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Fig. 4. The effects of graphene intercalation on the SBH of

metal /SiC contacts.
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Fig. 5. Local density of states of SiC region for (a) Cu/SiC,
(b) Cu/1GR/SiC, (¢) Cu/2GR /SiC, and (d) Cu/3GR/SiC

systems.

® 3 PR ESREESE A IR R A MA R opa 6 (AL eV)

Table 3. ¢y values for the contacts obtained from planar averaged electrostatic potential and local density of states calcu-

lation methods (in eV).

T GR layers Ag Ti Cu Pd Ni Pt

0 1.2 1.5 1.2 1.5 1.1 1.6

. 1 0.25 0.5 0.7 0.6 0.25 1.4
SR L Bk

2 0.1 -0.1 0.6 0.5 -0.45 0.8

3 0.1 0.1 0.6 0.5 -0.45 0.8

0 1 1.2 1 1.3 1 1.3

. 1 0.2 0.3 0.5 0.4 0.2 1
RIS Bk

2 0.1 -0.15 0.4 0.3 0.5 0.9

3 0.1 -0.15 0.4 0.3 0.5 0.9
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Fig. 6. The difference of charge density for (a) the Ni/1IGR/

4H-SiC (0001) and (b) the Cu/1GR/4H-SiC (0001). The

blue regions represent losing electrons. The red regions rep-

resent gaining electrons.
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Fig. 7. Schematic band diagrams of (a) metal/4H-SiC and (b) metal/GR/4H-SiC.
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Abstract

In the production of SiC electronic devices, one of the main challenges is the fabrication of good Ohmic
contacts due to the difficulty in finding the metals with low Schottky barriers of wide band gap SiC. Therefore,
reducing the Schottky barrier height (SBH) at the metal/SiC interface is of great importance. In this paper, the
effects of graphene intercalation on the SBH in different metals (Ag, Ti, Cu, Pd, Ni, Pt)/4H-SiC interfaces are
studied by combining the average electrostatic potential and local density of states calculation methods based
on first-principles plane wave pseudopotential density functional theory. The calculation results show that
single-layer graphene intercalation can reduce the SBH of metal/4H-SiC contact. When the two layers of
graphene are inserted, the SBH are further reduced. Especially, the contact between Ni and Ti exhibits negative
SBH values, inferring that good Ohmic contacts are formed. When layers of graphene continue to increase, the
SBH no longer changes obviously. By analyzing the differential charge density and the local density of states of
the interface, the mechanism of SBH reduction may be that the dangling bonds on the SiC surface are saturated
by the graphene C atoms and the influence of the metal-induced energy gap state at the interface is reduced,
thereby reducing the interface state density. In addition, graphene and the corresponding new phases at the
interface have low work functions. Moreover, an interfacial electric dipole layer may be formed at the

SiC/graphene interface which also contributes to barrier reduction.

Keywords: SiC, graphene, Schottky barrier heights, first principle study
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