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Fig.2-7 Growth of graphene on the stepped SiC(0001) surface: the su
C atoms induced by desorption of Si atoms (left), the surface structure during the incorporation
of the excess C atoms into the graphene ribbon which is initiated by the movement of a Si atom
(middle), the surface structure after the excess C atoms are incorporated into the graphene
ribbon (right).
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Fig.2-8 The ideal surface system that contains (11-2n) facet on (0001) terrace: (a) perspective
side view, (b) parallel side view, and (c) perspective top view. Yellow and white balls are C and
H atoms, respectively. Other balls are Si atoms. Si atoms in each facet layer, L1, L2, or L3 are
denoted by a different color from blue of Si atoms in deep layers.

b) ik FREEEEDR K

SeriesA DRTILIEBEIE (ZRD K53 BBE=E o1z, OSi AERBELI=HEIZEFIN=RFRFIL.
SiC 77vbHEWNETIR L TRFHEBEEZED MEAICITGFIC MD1 TR RFRFAY—HEE
MNI7EIbEICH TIREICEBBEINSGN, TIREICHEESINzEDEX 772y RIZHEL TL
BINIE MORARREFEHRIFETIZKEHEH TS (Fig.2- 9@ DKRHNTRTFTAT—) . &
AR—E,bSAR—DERLTEIYRVWRFREICHET SR FLEBISN T, Fig.2-9() DEMA TR
TEDONTIRLETODZDOREDHKRFEN, 772y L TERBOREAH#DND, OZDikFE
BEXEAIRSADAHARE Si ITREEINF=T—FHIRELDZENTE, RECEKITENTEETH

70



5(Fig.2-9@)D LAIDEAIZEEND5RmENOHIRFELE), BIZIE—HDIHD Si ED#ES
BANTRECE OBFRDINORFHEEEIL. KA TEAREEZRLEZY., EBhf-YLT
L3 (Fig.2-9(b)) . COBEIETIE. FS7zVIZHRELTULKE DA oT=,

() MD1, 1500K
0.25 psec. . . 1.00 psec.

™, - -&w'\\rv‘?‘\\‘ L\b =S

Facet Terrace

(b) MD3, 1500K

Fig. 2-9 (a) MD1 and (b) MD3 processes in the simulation series A. (0001) terrace and
(11-2n) facet regions are denoted with blue and orange frames, respectively. The carbon
atoms that are in C-C bond(s) are denoted by red balls. Orange arrows in (a) indicate a C-C
dimer, which is formed on the terrace.
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Fig.2-10 Initial and final structures of MD4 process in the simulation series B: (a) and (b)
are initial, (c) and (d) are final side and top views. Numbers in the top views indicate the
member numbers of C-membered rings. Ch1l and Ch2 denote long C-chains.
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2010 £E(Z Cai 51 Fig. 2-11(a-1)IZ5R 9 10,10°-dibromo-9,9’-bianthryl (DBBA) &LV 7 U hotEU 5
FO_EWRERIEALLT Au(11]) REICEEEZETHRBESE. Fig2-11(@-i)DELIITRY7—ILE
H1=1%. Fig.2-11(a-ii)) D KSR FLANIWTRI- =957z F /IR EERT HEITHEIILT=,
AIBRAD D FIBEEEZSBETIEOCN\URX vy TDRLEDF /IR DERLEEETHD, LHL.
AIERA D FNT LSO/ I—TEF /IR BABRINEDEN SN TINS, 2T AHE
TIIHRRBEDF /IR EBRANDMROERICHITT, RUYT—IEDRISIZDOWNTE —[REFEN
HlioT1=,

(a) (b) (i) DBBA (ii) DBA (iii) poly-anthracene
(i) DBBA y
C ! : 3 { .
H (i) graphene nanoribbon | 2 %
debromination [
& polyerization

i

cycrodehydrogenation

(i) poly-anthracene

Fig.2-11 (a) Schematic illustration of graphene nanoribbon synthesis from DBBA on Au(111).
The precursor DBBA (i) adsorbed on Au(111) turns into poly-anthracene (ii).

The poly-anthracene turns into graphene nanoribbons after cycrodehydrogenation.

(b) Adsorption of DBBA (i), DBA (ii) and poly-anthracene (iii).
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At EfER

BOIZ. TS - RI)T—EEDORIEIRILF—ZF 1=, DBBA 7ot -KRIUT
—ADRHEIRILF—(E-1.762 eV THoT=H'. 9,10-dibromoantheacene (DBA) Di5FEIZ1£-0.893
eV ERELKELGLHEN Mo,

(a) (b) (c)
(i) bromo-benzene (ii) biphenyl

Fig.2-12 (a) Bromo-bianthryl (i) and tetra-anthryl (ii) on Au(111).
(b) Bromo-anthracene (i) and bianthrgl (ii) on Au§111).

(c) Bromo-benzene (i) and biphenyl (i1) on Au(111).

The magenta lines represent height of anthracene or benzene Au(111).

CORBERARD=OIZ, BIBRARFO_EREDIRILF—Z5HE LIz, CZTIE, HHEODT:
I Fig.2-12 125k bromo-aryl B V=, RS T HJLF—IE bromo-bianthryl T-2.096eV .
bromo-anthracene T -0.280eV. bromo-benzene T -2.098 eV &%kl | bromo-anthracene D IHE D #AF
BEMNIEFITINEAEoTz, ZhlL bromo-anthracene (& C-C #EEHKICEL=ZRITHLEBELXID
1= van der Waals HE/EAICKDIRILF—FIFNED-HTHS, —H. bromo-bianthryl D15
BIZIXIRIKREE - #IRBE LB IC = RITAILEHEE . bromo-benzene DIFHE IZIXFIBAEED =6 van der
Waals #HEERAOIRILE—FBOEILL/NEN, ZOKSIZ, FUNSEVBEERTIXI STz
FI/IRUDEREINT . ZERTI STz F/URUDAERINDEVNIREFERLEEHOTLNS,
NOEDFERIESEDT T F /IR ERDAIBRFREICEVWTERELGMR LG LD TH
%,

2277z B EFHICEAT AR
a) Vo571 /EBEBDEERHE
D571 - REBEOEMBERIEIT NI RAGRICEBT32EEZEN—DOTHD. J 57—
ERESHEEICETIFE—RIBEESMEMENTE Co, Ni, Cu, Al, Ti, Pd, Ag, Pt, Au EDEEEMBIC
XL TEEL, V57 OEBCEHFEEME L. EiERERA~NDORHEHEFRR L,
T2z - TNARIZIEERBBBARARTHLIN. VIV EEREEBDIKEEEDEL.
TNARERBDOLAMIERYD I STz -ERRE~NDEALEBEEDRILICLIEREE
WIS DEMATBOONDIEREICKY. FSTIU - FYRILBRELR  TS5T7-ERE
BE D EAER I IEECKETEIRNEL>TLNS, LIz > T, #EMIEROEERIEIZERIZEE
BEREELTS TS, ERMICIE. RBELGERDIFEROT - IT LR EICLHBIEREGENRE
SINTVBEN. IS5z REBHOGEHFHHOREILADBEELEZALNTINS,
CD&IGEMRBEICK LT, Fig2-13 (ISR FBEERBEF BRI ST UM EBAMICEL ST
BAREEA.FENBHERRVETES ) —VBEEICLEE—RIBGEHEETET o,

74



B{RMIIZIZ. Co, Ni, Cu, AL, Ti, Pd, Ag, Pt, Au ELVSERBEBEBICENTNICHLTI STV EERE
BOELZYDRIKGFEERAX. EEROCEHEEHEL. BEMIERER~NDIEHERL .

ERRMARELIZT STV ZOEBFRENS2IELEICHFESN S, Co, Ni, Ti, Pd TIXTS
IJzoDnHBEEERED dJMEDRERICKIVEBKEELY 7B DR 2 RITIERT HH. Cu,
Al, Ag, Pt, Au TIXBLIEA T H-OITHREDEITTES, COBICEFEDOEMRICHVTIEREIC
BETHD. NSRRIV 3V DETERE Fig2-13(0)I2RYT . BEEITIHEBTIII STV EERE
BEORIEZEZTHEERMEEIIFEAEETELEN, ZOLSHEETIE. EEEBEEYN AL
BOWSSHEBEBNGEMICTIENEETHIEEAOND, —A.Cu ZRUIVBHEETHERET
F. EFDEBEFBIEESTIERICEERZENSVN, FSTIVELREBODELRYDRSE
BOTEICRYBEFOBAENEMTEIELAD Mo, CNODERETIEIRKEENEEEDITEE
[CRYIEABNEERTAIENH KD EHFINS,

G

(c)

[ T T
é Electron ,/: Cu
Hole A0 A
& 7 \
E 10° =M ;‘\\ P
B g L[ s
1= h
E 10 rAI-"""‘ Co¥g
= Ll Ti Moy (i) BA3A
M 10k .
= 10 :
3 E'Ielctron
y ole
E 10°
g 1 v \!g" .
o 10 ¥ . *
g 02 (i) 16.9 A
. § o
(&) Electron
. . 1ot | — Hale Pa
05k L=B43A . rS \0.
2 o4t ithout & 10! /d . — 32
18 S, pwithowt O ¢ ?
031 % witho S ) {iii) 25.3 A
02 s 10 - .
o1 M i 4 45 5 55 [ 65
i L "._.z' -
AN Sty Work function (eV)
05 0 05
E- Er (eV)

Fig. 2-13 First-principles transport analysis on graphene-metal contacted system.
(a) Device structures for transport calculations. (b) Calculated examples of transmissions for Au
and Pd electrodes. (c) Work function dependence of contact resistance for several overlap length.
(d) Device structures with twisted stacking for Cu electrode. (e) Band structure of graphene on Cu
with twisted stacking. (f) Calculated transmission for the device with or without twisted stacking.
(g) Device structure with O intercalation for Ni electrode. The red balls represent O atoms. (h)
Band structure with O intercalation for Ni electrode. (i) Effect of O intercalation on transmission.
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Fig.2-16 (a) Formation energies depending on radii of nanopipes of TSDs for three unitcell
sizes. (b) Electronic states of the TSD having an 0.6 nm radius nanopipe in the
4,000-atom-scale unitcell after geometry optimization. Pale purple and light blue clouds are
electronic states, respectively, of valence and of conduction bands near the Fermi energy level.
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