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Abstract: First-principles calculations based on density functional theory were carried out to study the ef-
fects of nitrogen, aluminum and phosphorus doping on Si adsorption on grapheme. We found that N doping is
the n-type doping of grapheme and increases the conductivity of the grapheme system. Both N and P doping
graphene system are relatively stable while Al doping graphene system is not. The effect is stronger for Si
adsorption position on graphene for different types of impurity. Al and P atom enhance the Si adsorption on
graphene, the effect of N doping is far less than the other two dopant do. No magnetic moment was observed
in Si adsorbed on Al doping graphene while net magnetism was brought in Si adsorbed on N and P doping
graphene.

Keywords: Graphene; Dopant; Adsorption; First-Principles

Ny Alv PEMIBHRY S A= LR AR

VHE ' FHE% BhERE =%
VERMNITYE R B B TR B, AR
>R TR A S A5 B AR, #i 2
P LBFEFREDER, L
Email: xuqing_giang@sina.com; shke@tongji.edu.cn
IR E#: 2011456 32 H: BEIEM: 2011427 3 12 H: FAAH: 201147 A 17H

O RAETHEZREWRE MR T N AL P B85 Si 784 s bi EIRR A 520 .
SPREY: NBRASE N nBBR, e 7 ASGERNSBEME; N PETBRL Al B A5G
G5 R RBINT Si e Sl bR AL B A B R AL P ISR T SifE A S iE BRI, N
BAF Si e S B s R /s Si WP /E N-graphene. P-graphene 1A R B A HIME, Si W
Al-graphene & KRB NZE, NEIRHVE.

*ﬁiﬁl: fisel; B2 WM, PR

Tk

1. 5]

BRI ELAT R ) e SRR L) S LR
H 2004 42 E 5 « K » #E(Andre K. Geim)2% A\
il 2% RS ZN 51 T AT 2 00 A2t
R T S MEAT R 4 0 AR 5 A Y — R
BMERL, ATE 1R S IR R RGN K A i SRS R L

T

Copyright © 2011 Hanspub

XSG T I, BRe) B AR B A A A L T
VRS I, B, BFTCN OO G R . SR
I U 4 SRR A AE A SR R BT R AR R E A AR
Wi IR EAT T — RAIIR A IC . IE4ER, B
T B I A [F] 2% i B A B 1RO 5 A AR 0 ) 4
WITERT, IS SRIEThREML, XL BT R T RS

APP



88 BIZhEL 55 [NL AL P B LB Si 164 S0 B 2

BIRT, WET, dESETRAGE, B, 8%, #,
) LA KB 45 SR (BRI 12, T 45 4 S AR RE A S5 1
Bl NIRRT RS, AFBRIE 7RIS T o e 2
PRI SR T B4R T IAFAE, AR 145
PRI RE R AE T B, LR K5 2 A T BRgk
CER R PRI BRSO ASR YK AR 7 23 1
i e I F ey T

FEFLEEWE S, B AN AT C Hw, HAH
LI LTS5 44, T Si 7E 3 20 935 2= (00 F S8 075 1 I B
Ja, BT SiREWMALEAR S, SifEB ARG L
(R TE R fi DA B AR 2 7 A A R RE AR R e K I 22 1
Si7E B #5441 s LR W B AERE B i1 1 By
1.965 A 4, ARG H Si 7E N B 244 8805 L)
FALEAE C-N 81 A 77 2.181 A &b BB 4%)5 Si
A SBIE IR 3.053 VIS, L Si HTE N
B BI% LR RAE K 2.016 eV B 54447 SBIE
Bt Si Gk REA RN, TN 52400 BRI S A
ZPEAERFEN 1.0uB o AL, ASGEXS B [FFER
Al N [ EJRE) P B A8 DU SifEBa 5% b
W A i A 2R 1) R A RRT i P AR A T T O

2. WWEARENGE

ASCEEL 4 < 4 Wrp S aE M, 332 MR, T
oK B T % B2 72 bR 3818 (DFT) F 1 JiE 35 7 611
VASP 270l V5e il @, R RIS I (LDA)
INETH R R A R e 2 m o, B B 2
ANo Rk, FTF A HRICHRRE BRAERATR AT U IR
UGGA)H 1) PBE iz B, ik F R4 4 R Hi
BETFESMHETZ M EER. £ 51 k 250
o, PTG E REIREN 400 eV HHEHEL X AT Y J7 )
A REGPHAN, Z FREETAEGPH. BT2
I 1.5 nme B VAEAREEFE B L0 BLIH X AR5 k midk
Gamma 9 x 9 x 1 &, HEPHET BeiLsn,
R EMA T REERIRZEAKT 0.001 eV, fEfi5
I EFRAN EEI A B RRR AL E (B 1) AL (H)
A7 75 J7 W SR T I IE R Lo s MRAZ(BYAL T C-C B
R AL (TS T s 11 IE EJ7 .

Si 1EA7 S0 EIR PR 1 P TE BLRE E oy N

Efom = (Eslab +NEg; — g gap )/n

Copyright © 2011 Hanspub

Figure 1. Schematicillustration for the three high symmetry sites
on 4 x 4 cell of graphene surface. H: the hollow site, B: the bridge
site, T: thetop site
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Figure 2. Density of states for perfect and doped graphene system ) N .
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Figure 3. Top views and side views of Si adsorbed on N-doped (a), Al-doped (b), and P-doped (c) graphene. The small black ball represents
the C atoms, the big black ball representsthe Si atom, the big gray ball representsthe Al atom, the dark gray ball representsthe N atom and
the small light gray ball represent P atom, respectively
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Figure 4. Density of states (DOS)for Si adsorbed on doped gra-
phenesystems. (a) Si-graphene structure, (b) Si-N-graphene struc-
ture, (c) Si-Al-graphene structure, (d) Si-P-graphene structure. The
solid curve showsthe DOS of doped grapheme systems, and the
vertical dotted line representsthe Fermi level
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