View metadata, citation and similar papers at core.ac.uk

-
brought to you by i CORE

provided by Xiamen University Institutional Repository

2RHID: 10384 A =1 2%
¥ 2. 19820080150517 UDC

B R}
SR A B8

R4 B SRR R E S R

The growth of different-dimensional structural materials and

their semiconducting properties

TARTFHIF: RRE &K K
£ ¥ 2F: Rodney S. Ruoff
+ b & MR RETFERARETF
WXRZHAA: 2012F 05 A
WL E#RE: 2012 5 06 A
FEETEH: 2012 F A

B P
WA

2012 %E 06 H


https://core.ac.uk/display/41425839?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BIIXFEFAMRIFRIEFRA

ANEZH AR I ARANAE FINHE T T, ML 58 BT FT
o RANEREEH S AN NBEEAR D2 R TR, 1
FESCH LA = 7 sU AR, AT SR a A (R A
ARFESFE GRATOD-

T AL SN DR ()
HIBTTERER, 3RS ( ) WA (H) & FRESER E N
B, 1E ( ) SERGE e GEELL EFE S NIHE R
R R A B DT N BRI A FR, R AT LRI A, A AAMERY
)

PN (%42):
¥ H H



BiIIXRFEZALICEIERE R A

AN ITRAARYE (e N IS AN [E 22 A7 549 7 AT S it 70
V220 S RIE DR B A e A AR S0, IR A BT B R B LA L
AL CAFRAUTRA RO, SRVFFALR SCENE TR B
Vo L PR B A1) o AR N IR BT TR S 2 A8 SN 4= [
f e e AL SO A PR AT AR R K AR SR AR A
LW AR, SRITBEED . 4 B el e 7y S PR 22 A 3.

RN SE T

( ) LARETTRHREZ B B IR E A0,
T ¥ B, WEEEN LR

( ) 2. A, EH EIRIRAL

G LE LA P NAE S AT “ v 7 B BN N2 . IR 22183
Bife B4 JE 1 TR IRE R A B A AR S, REHE TR AR
% R W E WAL SN AT AR ST IEA IR ANH S [, BRI
NAFFEERLR L, &R _FR AL

]

PN (Z4):
£ H H



HE

W& (G B EARMA WD, 5 E8REMAHE I EHEmmEE. mE%E.
AR R R o ARYEGK A RHE Dy —Fh B A S i as ke, U B R EE
ERFE T 44515 BAl o B 7 e AR i B H e B 2R o T 24 b4 bt AR 4E /N
KRR, ARV S MRN8, Gl R, sy, BSekiE
FPECPHEESE, AT REA IR, HEMEESE T b a7
IR RS, TR, ST & M RIEROR RF St DL A3 L2 H 858
B, HESNEMCLEDURI R B0 ] 4 1) A S 0 07 R g o [RIIN,  thoxh FL A5 4
VRS TR RONLE S5 7 T Fe e T S iR i H AT R RIE ARG, &
RANURLEARIAE T E ) % . S5 AIRAE . 2845 N S 7 AR5 — E R IR
B, NHIL 0 R BRI Rk, R SCESELE, —4E. 4R
Y5 5 (V) SR GRS L S T A5, T R A R 0 i R, MERR AL AR
Foy GRFRAE. PERUIRER . SMERLH LA EZ TR ITA T, RAAA S EIELLT
=Ny

(1) £ Si(11D)-(7x7)A& 0 Ll e 7 F4Em 42 Au B7%, JFiEd STM BoR W
MHAEAN R N I TS TS . 45658 — TR IR FLEURE T SR STM T SR BEADUAf A
HHlH 6 Au JETH 3 A St TR, A AugSis M. 1451 i ORFE BEH AN
SI(111)=(7x7)FR 1 EEEGE, (1A R A RERIE L S, M EA SRt e . H
TERSALEI AT R T 1B Ve 42 8 Au (1 HL NSRRI AT Au A1 Si 2[RI AH AR A
STS ML REH, Si(111)-(7X 7)KMH AueSis HIERITE ST H BT & 35 1253
HEANAT AT IR TG 2 e B ML T S B Ay A 3 AR B LR . S, Si(111)-(7
XKML T-0.6 V F+1.0V 4bR Sio HoC TR 7 B g R, I 7E 2 K Ak
R ETEREL) N 1.8 V AR, (EEBAERSRIER Si(111)-(7 X 7)3KIH
A Au #REIR A SRR IR, AueSis FIFE I A6 A0 0 2 4 2 i op fg il
SRR Si AL TR F1E-0.6 V ALK 4 R BB b, b — Dt m T BIRELE
Si(111)-(7 X 7)Z H I Fe e 1

(2) KRB T4k CVD ¥EAEK ZnO WU EEH, %451 h— N4k



HO R 5 PURR — oK e . b 9K FEfE HRTEM B 2 & WZ 5k
FRY, M A AR AL ) S5 5 HE B I B AB 8N ABC, W] T ZB 4514 ZnO
R I . 378 B G 45 5 56— PR IR BEALIDL A 75 7 E B 4 IR IN T ZB 454
ZnO 1] LO A1 TO A Erfr & 4E, HUuEM ZnO DYBIZNK S5 46 1 v O A F0 PO AR
KT AN ZB I WZ S5k . 8 /1Al as RE7R, 2 ZnO {E=iR FARZ & T
26 GPa [P IRES BRI, ZB MM A NRE 450 . #Eik, iR W], ZnO VURIZN
K GE K S A% A KA SR ROBEAR AN, i 32 )b B 01 8 ) 7] ik 25~30 GPa. BGH
ZB b WZ £ ZnO HIE A F FHAESEAR, ZnO A KARIEIESE T ZB 45l B &
RIS, R R BT BN, HFE ZB SRR YA S {111 AR K ATk
Selid i Ry, Al ZB AR A REAEMICREI S, S, M ZB{111}
I AR VIR —4EGR IRy WZ 458, TRk I UIIANK St . 1X—45 145
7~ T VU ZnO 153 RaiH, [FWEE T HIE L] . seah, BIARIOGIN & 45 R
W, VUR ZnO "Rek i) S5 A6 A5 thC AR (1 RO I A R B T 5 2 30 ) WS AL PRy e o7 A1
S R

(3) KHHAEE CVD R4, (E Cu-Ni GE&RMEIS T 4E00a B Mm. @i
BRI =R E, 4G 2 U IS G AR, BR T ASIGTE Cu-Ni 5&RMIIE
KON ARAT AL, 35 AR K 0 AR T [R]85 7= A 5 v 7 e P T 0 22
TR, X ECR A PCHy A1 PCHy SRR 1) PO Bo-f S R B, R AEAH ]
AR, "C-AaBmMESEYHERT PC-a8iE, RUESENBET
M B R B A B A K A E SR, A I8 SRAN G 0 A B8 V855 1) 7 25
R CARIE H FA R Sy, RbE T R o N R . BT BRI SR
ARG LA, FATE R T RIS A S, IR S 8 B s i Al
TEM & X AT EME, UEMHON BAT IR ARG AB HES L. PR
— 1 PR A SR S AT AR AN [ TEAS G5 H 1Y) A B A ) 25 W~ 35 F
FIER, W T AR T 2RI A SRR T I R . s R T TR BORAE
CVD 4K A MR IR T4 Au BN 48 Au I, 456502 UGG
TEM JESUMIMIESE T 24 Au BIRAEASIE TSI n BUES, 1 48 Au S
HE p B R, DAY ERRIE A S50 FET #3440, sl A a2 hil i
Au TES R R R, SR A 880 f S R R AN ER IR B A ot R s, thie T

ii



PEE:-Fiigast CERRRERE NI VALE

R Au li%E; ZnO WUIANK SR Assid: TR, JEmbLs: B4,
WSRO ] SRR

il






Abstract

As the development of information technology, the information expression and
process tend gradually to high speed and reliability. Low-dimensional materials with
their novel structures are consistent with the increasing integrity requirements of
electronic devices in current information society. Moreover, as the materials reduce into
low-dimensional region, many unique effects emerge, involving phase transition,
electron transport, conductance fluctuations and Coulomb blockade, which provide a
broad developing space for photoelectric devices. However, the controlled-synthesis,
characterization, and applications are still challenging for various low-dimensional
materials, which strongly restrict its further development. To cover these critical issues,
the thesis mainly focuses on the aspects of theoretical simulation, material preparation,
properties characterization, and devices applications, to study the typical zero-, one-,
two-dimensional materials. The major results are as follows:

We successfully fabricated zero-dimensional Au clusters with identical size on
Si(111)-(7x7) surface. The topographical images obtained by in situ (STM) show a
bias-dependent feature. According to counting statistics, the adsorption of Au clusters
displays a preference for the faulted half unit cells (FHUCs). The first-principles
adsorption energy calculations, combined with the STM images indicate a AueSi;
geometrical cluster structure with the fully saturated surface dangling bonds. The
formation mechanism of this atomic configuration is intimately associated with the
complicated chemical valences of Au and the interaction between Au and Si(111)-(7%7)
surface. In situ STM was used to characterize the current-voltage properties, and the
results suggest that adsorption of  AueSis cluster significantly influences the electronic
structures of both the unfaulted and faulted half unit cells. First, the saturation of
metallic Si adatom dangling bond states at about -0.6 V and +1.0 V lead to the
semiconducting characteristics of cluster adsorbed Si(111)-(7x7) surface. Moreover, the

surface dangling bond state at about -0.6 V transfers from the the closest Si center



adatom in neighboring unfaulted half unit cells to the cluster, which further stabilizes
the cluster structure.

ZnO nano-tetrapods were synthesized by the microwave plasma method. The
hierarchical lattice structure of ZnO nano-tetrapods with ZB core and WZ legs is
demonstrated by means of microscopical analysis, Raman spectroscopy and theoretical
calculations. Crystal orientation or structure of the legs is imaged to be different from
that of the core in dark-field transmission electron microscopy(TEM). The stacking
sequence change during the phase transformation could be clearly observed in the
boundary of the core and legs in HRTEM images. Raman spectroscopy was employed
to study large number of ZnO nano-tetrapods. To our knowledeg, it is the first time to
detect the ZB phase in ZnO nano-tetrapods by Raman spectra, and determined by the
first principles calculated phonon dispersion relations. Based on these results and the
considered lattice symmetry, the atomic configuration of ZnO nano-tetrapods is
constructed with one ZB core connecting to four WZ legs, which is coincident with the
HRTEM images. First-principles molecular-dynamics simulations suggests that as the
hydrostatic pressure reaches to about 26GPa, ZB structure of ZnO can be stabilized with
lower Gibbs free energies than that of WZ structure. Accordingly, the formation
mechanism induced by Laplace pressure in the initial growth stage of ZnO
nano-tetrapods is proposed.

A hot wall chemical vapor deposition system was used to synthesize two-dimensional
graphene films on Cu-Ni alloy foils. Carbon isotope labeling in conjunction with Raman
spectroscopic mapping reveals a surface precipitation mechanism of graphene growth.
The growth parameters were modulated to investigate their effect on graphene coverage
and isotopic composition. It was found that higher carbon deposition temperature,
longer deposition time, higher diffusion coefficient, and slower cooling rate all
produced higher graphene coverage on Cu-Ni alloy foil. The isotopic composition in
graphene could also be modified by adjusting the cooling rate. Based on the
understanding of the growth mechanism and the effects of growth parameters, large area,

uniform bilayer graphene was obtained, with the Raman spectrum and TEM selected

vi



area electron diffraction measurements suggesting an AB-stacked structure.
Furthermore, using the first-principles calculations, the conductivity type of
Au-graphene system was found to be tunable due to the charge transfer between
graphene and different Au configurations. To verify the theoretical results, Au
nanoparticles and films were deposited onto clean graphene surfaces to examine the
effect of interactions. Micro-Raman spectra show that both the conductivity type and
carrier density of graphene can be tuned by fine control of the Au deposition. The
morphological structures of Au on graphene are imaged by TEM, which indicate a
size-dependent electrical characteristic: isolated Au nanoparticles produce n-type
doping of graphene, while continuous Au films produce p-type doping. Accordingly,
graphene field effect transistors were fabricated, with the in situ measurements
suggesting the tunable conductivity type and level by contacting with different Au

configurations.

Keywords: Au clusters; ZnO nano-tetrapods; Graphene; Atomic configuration; Growth
mechanism; FElectrical properties; Conductivity modulation; The first-principles

calculation.
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