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Workfunction Engineering for New Carbon Allotropes Utilizing First-Principles Calculation
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Graphene is a crystalline allotrope of carbon that has been attracting increasing research interest due to its potential as a transparent electro-
conductive material consisting of a thin monatomic layer. Efforts are being made to utilize it in a wide variety of applications.

Toshiba is working toward the practical realization of graphene devices including a transparent electrode and a wire for nanoscale devices. In
order to obtain knowledge of the workfunction of graphene materials, which is a key physical parameter corresponding to the contact resistance
between a metal and graphene material, we have conducted simulation experiments on the workfunctions of nitrogen (N)- and boron (B)-substituted
graphenes utilizing first-principles calculation. As a result, we have found that the workfunction of N-substituted graphene is reduced by almost 20%
compared with that of normal graphene, while that of B-substituted graphene is increased by approximately 20%. The workfunction is also affected
by the substitution position of N atoms. Through these results of our simulation study, we have confirmed that the workfunction of graphene materials

can be controlled.

1 FAHZE 2 BRIDEEH
WHEAE 75774 CThHDHIF57x 1%, 20044E12K. S. 21 fBEBRFE

Novoselov HIZ K> THEESI, FEMIZ BT 2372 SITLRY,
ZORRCTENTYENWSP I hote T, B,
e 2 AN DI O WTRILASE L, PIZIETEF 7734 A
T, BERRBHGN AR O : EADILAP KR Sh
TWhe ZOWE, HBALHIOERTEBEMEEMTLIE
2B DT, RWICET- TN ADHKERE T 57201213, Hefil
xRS 2 L) bR koo, 22T EiE
DFEMIRPUTKE B THMHFEBIIEHL, 79720
BB —FEE 21T -72,

HEFHACHERAMNICEORE F CHFHMAKREa Y -
TELDPRHRITLHIEIL, FIT72 Vv EHWET TN, A
RHRITABICEETH S, BIZIE, 97 MR R EN
e UCHHT 254, MEBOMENMAFIHTE 27,
H BT LY AN B A RIS 5103757 = v Bk
HOAFEEZE EDMHEIZTREDNLEIZOWT, HFHNRE
FHFIC D VIR EHE S 2R TH 2 LD TE S,

T, FREEBNLIRERNS DLW T T Ot
BT RBEIRICL L8R, FFICER (N) Bk R ORY %
(B) BT ORI RITONWTHR S,

32

#ENLBEEFEG (DFT : Density Functional Theory) @
Pl A TR EIN G HETFEEHVTHEN 21T o T 5,
DFTEEIZIRWL O DR ETENH LA, 22T, —fK
L BEEA BV, (GGA : Generalized Gradient Approxima-
tion) ®DF T X 28— 5B F By )2 Fat a R L, &1
M) < & TR B9H BRI Cd 238 - AHBIA EAERICIE
PBE96 LB 5% v 7z,

DET &I, BN RFEN WHRORS: A B At it 48 By
MOMSIATECGE N W'E - MR FER R CRIs s 7= DF T &
"7ar g5y —Y PHASE" & Hv:7z,

2.2 JIST7IUIEE

757 Y OFEEIIFEBINTH 5o D WA FHEE L FF o7z
BEFREY — MEETHY), IHEEZEETLL, RANOHA
B3, OUBHENARF ORI, “o0RFEREFIEE L2
BELTETZEDNTED (K1(2),

CITIE, EBERAREMRET L L0, H1OIRT
£97%, K1(QDIERKE T2 alilh 50 L bl H € hEnT
AR U7 2 ER L, IS el MIC 1 nm OB ZE R %
RIFHZETT T 72y v —MEEEHBLZ, ZOET) VT

RZ L Ea1—Vol.69 No.9 (2014)



b
c#h <
a#h
(

B J57 1 OERER — alll Jim RO bl i, FIs R &
ZRLTWAEDT, MhoREIZIE, 7972y ORI EEINTHRY,
Unit-cell structure of graphene
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Workfunction calculation method
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Workfunctions of normal graphene and N- and B-substituted graphenes
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Positional relationships between two sites of N substitution
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Relationships between substitution position, structural stability, and workfunction
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Structural formulas of six-member rings with N atoms in N-substituted graphenes
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