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Fig. 1. Schematic of three nanostructures for graphene
bandgap tuning: (a) Nanoribbon; {(b) antidot lattice;

(¢) nanoconstriction.
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Fig. 2. Fabrication schematic of graphene nanostructure with PMMA /Cr bilayer structure.

ZLEM R 3 fron: B e A T R g
6 BB T RN AE Or IR _E S 20 nm PA_E B IR
GEK; AR, RS BT R 2 R 25 1 R RS
i, B BN BIGNR G RE. BT 5%
B AR Cr A TEZ) MR A, B Cr T 7 25
JEZNlctE, M AT PASEIBE 10 nm A7 SR 45
Fey PRy RT 1

@ | | | | #sETh B

%
A AbRE

TH
—p—

K3 BN ERRG A RS AR T RRE
Fig. 3. The mechanism of shrinking the gaps between

the nanostructues with Cr tranfered mask.
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Fig. 4. The relationship of characteristic width (neck
width) and the etching time.
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Fig. 5. The different neck width graphene an-
didots fabricated by 20 nm neck width Cr mask:
(a) Graphene antidot lattice with neck width of about
14 nm; (b) graphene antidot lattice with neck width

of about 8 nm.
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Fig. 6. (a) The SEM image for graphene nanoconstric-
‘tions connected in parallel and (b) the transfer curve

of the device.
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Fig. 7. (a) The transfer curves for the device changed

with the temperature; (b) the relationship curve of
Rogr and 1/T.
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Fig. 9. The bandgap changed with (a) the neck width

and (b) the number of nanconstriction.
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Fig. 10, The ball-and-stick models for different
graphene simulation structures: (a) The nanocon-
striction structure without transition region; (b)
the nanoconstriction structure with transition region;
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Fig. 11. The relationship of conductivity and energy
for the graphene nanoribbon and the nanoconstriction

structures with the different length.
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Fig. 12. The ball-and-stick models for the graphene
nanoconstriction structures with the different transi-
tion region length: (a) L’ = 0 nm; (b) L' = 12 nm;
(¢) L/ = 18 nm.
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Fig. 13. The relationship of conductivity and energy
for the graphene nanoribbon and the nanoconstriction

structures with different transition region length.
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SPECIAL TOPIC — Hybrid silicon/graphene and related materials and devices
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Abstract

Graphene has potential applications in future microelectronics due to its novel electronic and mechanical properties.
However, the lack of the bandgap in graphene poses a challenge and hinders its applications. In order to be able to work
in ambient condition, gap engineering of graphene with nanostructure needs about sub-10 nm characteristic size, which
increases the difficulty of fabrication and leads to less driving current that can be borne. In this paper, a new method
to fabricate sub-10 nm graphene nanostructures is developed. With PMMA /Cr bilayer structure, sub-10 nm graphene
nanostructures can be obtained precisely and repeatedly through controlling the etching time. Meanwhile, a new device
based on graphene nanoconstrictions connected in parallel is designed and fabricated, whose band gap is bigger than that
of graphene nanoribbon and whose characteristic width is the same as that of graphene nanoribbon. With the graphene
nanoconstrictions connected in parallel, the band gap of the graphene can be adjusted effectively and the driving current

can be significantly increased, which is very important for future practical applications of graphene.
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