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Fig. 1. Three schematic diagrams of electron energy levels
between sample and AFM probe: (a) No electrical contact
between tip and sample separation distance d; (b) electrical
contact between tip and sample; (c¢) apply an external bias
Vbe to counteract the electrostatic force CPD in the con-
tact area between the tip and the sample. Ey is the vacu-
um level, Ex and Ey is the Fermi level of the sample and

the tip, respectively.
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Fig. 2. Schematic diagram of FM-KPFM.
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Fig. 3. Model figure of Si(111)-(7x7).
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Fig. 4. AFM images of Au atom adsorbed on the surface of
Si (111)-(7x7T), respectively: (a) Imaging size of 40 nmx
40 nm, the set point of Af = 25 Hz; (b) imaging size of
10 nmx10 nm, the set point of Af = 33 Hz; (c) imaging
size of 5 nmx5 nm, the set point of Af = 25 Hz. The Au
atom on the Si (111)-(7x7) surface are bright protrusions
observed by probes. Imaging parameters: the resonance fre-
quency of the cantilever is fo = 160.288 kHz, the oscilla-
tion amplitude is A = 7 nm, the elasticity coefficient of the
cantilever is k = 45 N/m, the DC bias voltage applied on

the sample is Vgijs = 120 mV, constant frequency mode.
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i BY, Hy%: KR 5 FHUC YRR UHUC g
8. Zhou 4§ Y HLER T & P9I 1 g f fa e 1,
W A JEFCE T A 25 R AR A R A R B
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AT, FH IV A W B AE AR E ), RS IR Au R
FAERBCALNLS Y Eyg H-3.14 eV, HWTEFRIRE T
5 TOUR i o7 AL Y R I AR ARG, TE A . T
BAF 57 2 A9 H) 1) 3 T LA 2 D ) 45 5 i T T
Chen 5 10 31587 W B B[] PO 255 B (454 i
o RS EERE E). 7E Si(111)-(7x7) i FHUC
WG Z BB, SR Hy 7509 S BI04 &
e, HiAEE N 2.9 eV, HA A AW I &1,
Rt A Ji S0 ) T IR B AE Si(111)-(7x7) FE A
AR LA (S LHE).

KT Chen %56 5 Zhou %524 %) DFT 1245
Y Au JEF R ALE, RS E R A
SR B AE St BRI R L, TR W B R
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(a) WERHE Si(111)-(7x7) F M1 Au JZF 1 AFM EI5; (c) Au B F W€ Si(111)-(7x7) &) LCPD B, g sS40 &

BRI PR AR fo = 165.348 kHz, IR G IRMEH A = 7 nm, B B8 R BN k= 45 N/m, 180 & MR, B i B AR Vi =
78 mV, WAEM Af = 43 Hz; KPFM #Hl # S50 Vac = 0.5 V, fac = 0.5 kHz; (b), (d) M1 Au i 719 AFM Hl LCPD %2k
Fig. 5. (a) AFM images of the Au atom adsorbed on the Si(111)-(7x7) surfaces; (¢) LCPD images of the Au atom adsorbed on the
Si (111)-(7x7) surfaces. Imaging parameters: resonance frequency fo = 165.348 kHz, oscillation amplitude A = 7 nm, elasticity
coefficient k = 45 N/m, constant frequency mode, DC bias voltage Vgj,s = 78 mV, the set point of Af = 43 Hz; KPFM controller
parameters are Vac = 0.5V, fac = 0.5 kHz; (b), (d) the AFM and LCPD spectral lines of the adsorbed Au atom.

Kl 6

(b)

HULE

FNLE

A TR
R FIRET
O ARt

(a) Si(111)-(7x7) B DAS BITIE T 45 M 75 ZIET L B (b) BRI Bk 4 A% o8 Bk B 37 s

Fig. 6. (a) Shematic atomic configuration of DAS unit cell of Si(111)-(7x7) and (b) symmetrical adsorption sites marking the selec-

ted basin.

St AR F FAHEB Si s v a1 i
BCAL 7 &, Au B 7RSS AW 7 ] DL
LAY Si JEFIE B =555, MR Si(111)-(7x7) %
T ) Foe KR I SR (HFE S50 AFM I 45 R )
R 7E AR 10y BT S Y A WY
Au JFF IR —A =B A I, IF B3 55 A0

A=A Si BB T, WniEl 7 B, R =MAIEA
SE SRR AE B U P TS HUC N =N AR
T JE X SERSE R S Au BT EE B, R E
I F, Au J5U57E FHUC AN RIS E (37 s =2 a] 3k
BR, I 2 Au 7RI SE RS AR R &,
TR AFM SR Hh R AN 2 Sl R AL
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K& simss 1
O SHAMT
H : Au'ﬂﬁiﬁ

7 B AuJR TR Si(111)-(7x7) KEH =M AT
SR B REAE T B3R, R S — A2 IR T AR B SRR
A LW RS B — E K I B% 3, B AN s S0 AR AE . B
%R F R 5 nm x 3 nm

Fig. 7. Formation principle of adsorption characteristics
about triangular delocalized adsorption of single Au atom
adsorbed on Si surface, in the figure, a diamond unit is
shown. The dotted line circle indicates that Au has been
moving back and forth at this adsorption site, and forming
the adsorption characteristic of delocalized adsorption. Ima-

ging size: 5 nm X 3 nm.

A SCETE S 5 HE AR ) Au #E Si(111)-
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HE R A W B EE R SR TAT A 22 0B . 18] 5(d) A
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Verp (Au) = Mv (6)

¢si — Grip '
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(7)
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(a) TR T (b) R T © L
‘A .Au éu
8 ™ 4 to S,
o - .m ®
A w W WL
0.250 0.250 Sig 0.250
0.125 Sia 0.125 &) 0.125
0 0 0
—0.125 —0.125 —0.125
—0.250 —0.250 —0.250

8 AuJET WA Si(111)-(7x7) AL & Y2255 W fif 25 BE A3 A (a) Au JRTURBHE Si DUUE 008, Au—Siy 8K 2.3 A;
(b) Au JF TR 7E Si R4 R T 1000 8, Au—Sip BN 2.29 A; (c) Au JETWEAE Si(111)-(7x7) FE T A & B, Au—SifER A
2.51 A, PR AL (30 43 328 1% A AT e, T (5 38 43 3 B AT A 1

Fig. 8. Differential charge density distribution of Au atom adsorbed at different positions of Si(111)-(7x7), respectively: (a) Au
atom adsorbed at the position of Si adatom, and the bond length of Au—Siy is 2.3 A; (b) the position of Au atom adsorbed on the
Si rest atom, and the bond length of Au—Siy is 2.29 A; (c) the high coordination of Au atom adsorbed on the Si(111)-(7x7) sur-
face, and the Au—Si bond length is 2.51 A. In the figure, the red part indicates the decrease of charge at this position, and the blue

part indicates the increase of charge.

(a) > N (b)

= 4

xR

0.05
5 0.009 0.009

L N 0.030 ~0.030

b RERRR ~0.070 ~0.070

’ ~0.100 ~0.100

O A5 T RN 50 HEE Si(111)-(Tx7) R EER B M 220 AT E M (a) Au S5 TR WRMIE Si %005 T8 ; (b) Au
Ji W B AE Si(111)-(7x7) R 1T A4 i e A7 . B 60 kg 2k = A HE 3R — 2208 2 B0 M o i) 2 b DX 3 ] v 200 €8 3 4 2 R 2 A7 P A D
RN SN R R

Fig. 9. Differential charge density distribution of Au atom not adsorbed and the best position adsorbed on Si(111)-(7x7): (a) The
atomic position of Au atom not adsorbed on Si surface; (b) the high coordination of Au atom adsorbed on the surface of Si(111)-
(7xT). The black dotted triangular box represents the basin area in a HUC. In the figure, the red part indicates the decrease of

charge at this position, and the blue part indicates the increase of charge.
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B Au BYZEIE BA A Au W R B (R HCAL A S)
B Viepp KT B W Au AYZETE B EAY Si R
T LB Viepp 29 26 mV, BB i I 7E 5 5
R R Au kME T R, SRR S T TR
B - il 2Z T A 7 R T SR /AL R A 3 R ey
f B RE 22 M R PR T3S —Jr il Au D)
PRECK T Si R, SCHiFAT T Au 5 Si DeRELHY
W, TR Au Y Viepp RS T I Si &1

060702-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 12 Z R Acta Phys. Sin. Vol.

71, No. 6 (2022) 060702

() Viepn; 39— T Au 76 RE & A
T %%, B Au T SR . 38 g
Au/Si(111)-(7x7) HAYRE KA DFT it
BT Au R LR Si(111)-(7x7) Z 1 i e dd
W R A7 B (R RC L S ) 5 A MBI Y Si(111)-
(7x7) Z2 U MY 25 53 FOGRT 2 B 40 AT, IR S A v
Au 5 SiJEF-Z B4 B Ay 2 B R B Aa A X
T SiRMALET 0.07 S, Bl Au iy H#E T
Si, 7 KPFM il & rh 2342 Au i T, W& 1Y Au
JRF0 Viepp 2R T JE Il St R M. it Au
Si DR AT HEAAS 2] Au 1Y Viepp KT Si 321
X451 5380 DFT 11522 45 ¥ A 285 B 23 A hi i
F| Au 5 Si Z[H AT 45T LIS KPFM 1Y
SN A ARG M 25 Aok

S7% 30k

[1] Zou S R, Sugawara Y, Li Y J 2021 J. Phys. Chem. C 125 446

[2] Wang H W, Lu J L 2020 Chin. J. Chem. 38 1422

3] QuB, HuJH, Li H, Li W J, Huang M L, Wu Q H 2015
Surf. Interface Anal. 47 926

[4] Sonnet P, Stauffer L, Minot C 1998 Surf. Sci. 402 751

[6] Li Y J, Takeuchi O, Don N. Futaba, Oigawa H, Miyake K,
Shigekawa H 2003 Phys. Rev. B 68 033301

[6] Chen G, Xiao X D, Kawazoe Y, Gong X G, Chan C T 2009
Phys. Rev. B'79 115301

[7] Zhang C, Chen G, Wang K D, Yang H W, Su T, Chan C T,
Loy M M T, Xiao X D 2005 Phys. Rev. Lett. 94 176104

[8] Zhang L, Jeon Y J, Shim H, Lee G 2012 J. Vac. Sci. Technol.

(10]

(11]
(12]

(13]
(14]

(15]

[16]

(17]
(18]
(19]

[20]

[21]

22]

23]
(24]

060702-9

. A 30 61406

1LiY, Zheng Q, Chang X, Huang L, Lin X, Cheng Z H, Gao H
J 2021 Acta Phys. Sin. 70 136802 (in Chinese) [4E, #PFr, &
T, H7, MRIDE, BT, mESE) 2021 YRR 70 136802
Melitz W, Shen J, Kummel A C, Lee S 2011 Surf. Sci. Rep.
66 1

Wandelt K 1997 Appl. Surf. Sci. 111 1

Castaneda-Uribe O A, Avila A, Reifenberger R, and Raman
A 2015 ACS Nano. 9 2938

Zou S R, Yokoyama H, Sugawara Y, Li Y J 2020 J. Phys.
Chem. C'124 21641

Adachi Y, Wen H F, Zhang Q Z, Miyazaki M, Sugawaraa Y,
LiY J 2020 Nanoscale Adv. 2 2371

Wen H F, Sugawara Y, Li Y J 2020 Acta Phys. Sin. 69
210701 (in Chinese) [J#e €, FERESL, ZHH 2020 YRR
69 210701]

Miyazaki M, Wen H F, Zhang Q Z, Adachi Y, Brndiar J,
Stich Ivan, Li Y J, Sugawara Y 2019 Beilstein J.
Nanotechnol. 10 1228

Faliya K, Kliem H, Dias C J 2017 IEEE Trans Dielectr.
Electr. Insul. 24 1913

Gross L, Mohn F, Liljeroth P, Repp J, Giessibl F J, Meyer G
2009 Science 324 1428

Liu Q, Fu Q, Shao X J, Ma X H, Wu X F, Wang K D, Xiao
X D 2017 Appl. Surf. Sci. 401 225

Sadewasser S, Jelinek P, Fang C K, Custance O, Yamada Y,
Sugimoto Y, Abe M, Morita S 2009 Phys. Rev. Lett. 103
266103

Kinoshita Y, Naitoh Y, Li Y J, Sugawara Y 2011 Rev. Sci.
Instrum. 82 113707

LiY J, Wen H F, Zhang Q, Adachi Y, Arima E, Kinoshita Y,
Nomura H, Ma Z, Kou L, Tsukuda Y, Naitoh Y, Sugawara Y,
Xu R, Cheng Z H 2018 Ultramicroscopy 191 51

Cho K, Kaxiras E 1998 Surf. Sci. 396 L261

Zhou Y H, Wu Q H, Li S P, Kang J Y 2007 Surf. Rev. Lett.
14 657


http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/sia.5791
http://doi.org/10.1002/sia.5791
http://doi.org/10.1002/sia.5791
http://doi.org/10.1002/sia.5791
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.79.115301
http://doi.org/10.1103/PhysRevB.79.115301
http://doi.org/10.1103/PhysRevB.79.115301
http://doi.org/10.1103/PhysRevB.79.115301
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/sia.5791
http://doi.org/10.1002/sia.5791
http://doi.org/10.1002/sia.5791
http://doi.org/10.1002/sia.5791
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.79.115301
http://doi.org/10.1103/PhysRevB.79.115301
http://doi.org/10.1103/PhysRevB.79.115301
http://doi.org/10.1103/PhysRevB.79.115301
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/sia.5791
http://doi.org/10.1002/sia.5791
http://doi.org/10.1002/sia.5791
http://doi.org/10.1002/sia.5791
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.79.115301
http://doi.org/10.1103/PhysRevB.79.115301
http://doi.org/10.1103/PhysRevB.79.115301
http://doi.org/10.1103/PhysRevB.79.115301
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1021/acs.jpcc.0c08743
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/cjoc.202000205
http://doi.org/10.1002/sia.5791
http://doi.org/10.1002/sia.5791
http://doi.org/10.1002/sia.5791
http://doi.org/10.1002/sia.5791
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1016/S0039-6028(97)01019-4
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.68.033301
http://doi.org/10.1103/PhysRevB.79.115301
http://doi.org/10.1103/PhysRevB.79.115301
http://doi.org/10.1103/PhysRevB.79.115301
http://doi.org/10.1103/PhysRevB.79.115301
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1103/PhysRevLett.94.176104
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.1116/1.4758134
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.7498/aps.70.20202129
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/j.surfrep.2010.10.001
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1016/S0169-4332(96)00692-7
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/nn507019c
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1021/acs.jpcc.0c07488
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.1039/C9NA00776H
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.7498/aps.69.20200773
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.3762/bjnano.10.122
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1109/TDEI.2017.006457
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1126/science.1172273
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1016/j.apsusc.2017.01.020
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1103/PhysRevLett.103.266103
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1063/1.3663069
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/j.ultramic.2018.04.003
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1016/S0039-6028(97)00848-0
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1142/S0218625X07010020
http://doi.org/10.1142/S0218625X07010020
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 71, No. 6 (2022) 060702

Measurement of local contact potential difference of atomic
scale Au/Si(111)-(7x7) delocalized adsorption state in room-
temperature and ultra-high vacuum environment”

Wang Hui-Yun Y3 Feng Jie?3)  Wang Xu-Dong 23  Wen Yang 1?3
Wei Jiu-Yan Y%  Wen Huan-Fei V%%  Shi Yun-Bo 1?3
Ma Zong-Min Y23t Li Yan-Jun Y%  Liu Jun D3
1) (State Key Laboratory of Dynamic Measurement Technology, North University of China, Taiyuan 030051, China)
2) (School of Instrument and Electronics, North University of China, Taiyuan 030051, China)
3) (Shanxi Province Key Laboratory of Quantum Sensing and Precision Measurement,

North University of China, Taiyuan 030051, China)
4) (Department of Applied Physics, Graduate School of Engineering, Osaka University, Osaka 5650871, Japan)

( Received 6 October 2021; revised manuscript received 29 January 2022 )

Abstract

The structural properties and local contact potential difference of Au on Si(111)-(7x7) surface are studied
by the homemade ultra-high vacuum non-contact Kelvin probe force microscope. Although scanning tunneling
microscopy has been widely used to study the metal- adsorbed semiconductor surfaces on an atomic scale, the
tunnel current measured by scanning tunneling microscopy is easy to lead the charge states to accidentally
switch in the measurement process, and it is limited only to the observation of metal and semiconductor
surfaces. Kelvin probe force microscope allows us to directly measure the charges at different positions of
various flat surfaces by local contact potential difference on an atomic scale, which has become a more
convenient and accurate means of charge characterization. In this paper, the topography and local contact
potential difference of Au adsorbed Si(111)-(7x7) surface are measured on an atomic scale by Kelvin probe force
microscope at room temperature, and the corresponding adsorption model and first principle calculation are
established. The differential charge density distribution of the stable adsorption position of Au/Si(111)-(7x7) is
obtained, and the local contact potential energy difference relationship of the stable adsorption position of Au
on Si surface is given, The mechanism of charge transfer between Au atom and Si(111)-(7x7) surface during
adsorption is analyzed. The experimental results show that at room temperature, single Au atom will form
triangular delocalized adsorption state in the half unit cell of Si(111)-(7x7). The delocalized adsorption state is
due to the fact that the moving speed of a single Au atom in the HUC is faster than the scanning speed of
Kelvin probe force microscope, and the local contact potential difference measurement of Au/Si(111)-(7x7)
adsorbed surface can effectively identify Au and Si atoms. Obviously, this research is of great significance in
promoting the development of surface charge precision measurement, and is expected to provide some insights
into the charge properties of metal adsorbed semiconductor surfaces.

Keywords: Kelvin probe force microscopy, Au/Si(111)-(7x7) surface, local contact potential difference
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