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Clarification of the relation between the band-gap and the number of layer
in the few-layer phosphorene
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AFFETIEEIR SR E L L CEFEFERZED TV AIHEBEB I OEEDO R Y VHEREIZSW T,

Ny R¥ Yy v 7L E OBRZE - FEEFREFRICK VIO Lz, BHERY Uk
BMWSEBELZFFO—T, 7772380 15eVREODNV Ry v 72 HLTEY, T
NAZASNOISHABEFEIN TS, EFEEETIEIANY FE Y v 7 I3/hs< 20, A7ty
TIH03eVIRELRD Z EBNHMBILTWVDN[1], Z OB OWTIIRIEZH S NIT > TR,
AWFFETIE, % IR BIEORRR 3 L O Green BISUIE B BAFLGR(GW I L) & JHW CHE-FIRBER A 217

L EEETONRY Ry v TORD DB OBEAIITEN R D > BB O EERIC X HE
T PO ROBRIZE DD TH D Z & 2P 60T L7 (Fig.1),

FV BRI 4 ODORIB R (BY D), BHFY ) v 0-U BIFEET D 2 ENERAIC
TFRHENTEY, WINHBEEICKIEFI L TR Ry v 7S L PHEINTVS[2],
ZHDFEIFEIZOWTHFBROFIRZITV, N RE X » TR T 28N R Y 054 L H
FRIZJEROHAERIZE 26O THLZ EEZH LN L, FRIC2ELU EIZBWTRREIZRD &
THREN TNy - B OWT AN RE v v 7 OB RO &8 R AE g X 25
HLOTHDZENID o7z, AT GOGWEEIZAWEFREIZL Y Ny R¥ Y v 7Ol % EfEIG
BUIRER, v-V U ERIE 2 B TIRRERE R Z RN o T,
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Fig.1 (a) The band structure of the bulk black phosphorus. The Fermi level is set to zero. The isosurface of
the Kohn-Sham orbitals at the highest (b) and the second highest (c) states of the valence-band of the
bulk black phosphorus. (d) The state of the valence-band top of the mono-layer phosphorene. The
inter-layer interaction splits the state (d) into the bonding (c) and the anti-bonding (b) states.
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