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Mechanism of atomic transport on gold film fabricated by
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Abstract

The attempt to fabricate gold films on glass slide (Au/glass) and silicon wafer (Au/Si) with
gold leaf was unsuccessful due to poor adhesion between the gold leaf and substrates.
Alternatively, Au/glass and Au/Si films were fabricated by placing the substrate into the free
space within sputtering chamber to collect the access Au vapor during the typical sputtering

process for other samples.

In this study, the physical changes were observed in both Au/glass and Au/Si film under
the film annealing from 300°C-700°C. The visual inspection via cell phone camera, the
micrograph via Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray Spectroscopy
(EDS) revealed the morphological changes with respect the annealing temperature in Au films
due to solid state dewetting mechanism. The changes were more pronounce in Au/glass films
than Au/Si films at the same annealing temperature. The X-ray diffraction measurement three
phases of Au including Au(111), Au(200), and Au(220) in Au/glass films and one phase of Au(111)
in Au/silicon films. The concentration and single crystallinity of Au(111) were increased with
respect to annealing temperature in Au/glass film. For Au/Si films, the concentration and single
crystallinity of Au(111) were decreased at 300°C  and then were increased at 7OOOC,

respectively.

The physical changes of Au films are likely due to the movement of Au atoms via solid
state dewetting and recrystallization. The heat intake from annealing process is likely induced
the dewetting process by increasing the kinetic energy of Au atoms. While the recrystallization
process is likely occur during the cooling period of the samples. Finally, another factor that can
affects the physical changes of Au films is the interface interaction between Au films and

substrates.

Ad1Agy (EN) solid state dewetting, annealing, gold film, gold leaf
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ECO
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Peak Center

Au/Glass-Control

Au/Glass-300

Au/Glass-700

Peak 1 38.23+0.01 38.22+0.01 38.12+0.01 Au (111)[4][5]
Peak 2 44.19+0.06 44.25+0.06 44.14+0.05 Au (200)[5]
Peak 3 64.65+0.04 64.64+0.04 64.68+0.03 Au (220)[5]
Peak 4 - - -

A1374 3 asuAduntRagudnatsvassaainulunan1sAaszinsdeIuuAeTIdiandvasilateiduna i

14
UULNT

FWHM

Au/Glass-Control

Au/Glass-300

Au/Glass-700

Peak 1 0.59+0.01 0.64+0.01 0.71+0.01
Peak 2 1.12+0.13 1.05+0.13 1.16+0.13
Peak 3 1.22+0.09 1.30+0.09 0.96+0.07
Peak 4 - - -
M99 4 auAaaniafugegansmilsvassaniinulunanisiiensinsisauudeisdienduasiiogifidy
VRIAUULAD
Peak Area

Au/Glass-Control

Au/Glass-300

Au/Glass-700

Peak 1 64.64+0.25 67.33+0.75 160.10+1.52
Peak 2 9.86+1.05 8.55+0.98 12.59+1.19
Peak 3 16.44+1.11 18.19+1.12 21.29+1.31
Peak 4 - - -

M1319 5 aguarinunldnanvaseaannulurnanisinszinisideauudlsediendvesitatnsiaunasauuuia
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Peak Center
Peak Center FWHM Area Assignment
Au/Si-Control 69.17+0.01 0.04+0.01 3522.36+32.34 Si(100) [6]
Au/Si-300 69.07+0.02 0.34+0.01 2909.13+36.58 Si(100) [6]
Au/Si-700 69.01+0.01 0.06+0.01 3919.20+38.80 Si(100) [6]

M54 6 asUAIUVLIRAAUIna1IatEanval Si(100) Mnulunanisiiainisideauuiiedediandvasiatng
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Au/Si-Control Au/Si-300 Au/Si-700
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Tnglsisausanvas Si(100)

24



unil 5 a3U aAusena wasdatauauy

ASNANFIDENTAUNDIAUULAILALAIDE 19 NAUNDIAIUUTANDUINNNIA AT LU AU
o @ 1 d' d' d' ) ] = a [ % d' o w 1 )
ANNFRSAIITIAITHERN Weninmasdailliaunsodafniangiulauinwenaziidiegneliinnis

v v
[ v U A ) a

yagouiilonAfonds swufidesndudeavdsunadislunswdsiidimesh  mnmsieszdeon
Toidefidodnduld  nswansedisfidunesduuiiuazinegnaiidumesduudaneufeinieaniou
fegremefiduuisuuualimmesse  (Sputter  Coater) lasmsliuiiinweweufiufodriieldle
vesdiiwdeldannniswseudiegndug  duiliauisondndedfidunesiuuniinasiegdiidy

PNRIAUUTANDUTIALNTRUN lUYINsneaausa lule

HAINTALNANNAIBVRITIREHAUNBIATULLTIkAE B TldumaIAUUTANBUNUTINTS
Wasuwlamsmenidlonamgiiniseuiiudu usnisidsundasiaauiaamgll 700°C wihiudmsu
fegsiaunasiuuLikaziegildumasiuudaney. Tuvuziamaieainndesganssmidianasen
WUteInsIn  wansnsiudsulUamanenmluseiuganiavesiiegsiiduvasdmaadiulunuinig
= Y | 1Y v ¢ A ] = i ' % ¢
Wweatuiunmaenndedndniinfouiuiiiatgasidenuinndt  lngnavasninaiendesgansae
didnasouwantliiiu nssiumiuvesiidumesdayinlmiang uusinguiniy Wegnmginiseuiiug
HANNTIATIEDIAUTENBUTMURIIBE 1alaUNasATULLTIkaAIRg e TlduNaIA ULTENo B USUNATDS
AMEIBIINNADIRENTIAUDIANATOU  BenaraInmMaeNNaadlnsdniiafounl  nwa1eaInnaes

fa & a ¢ 3 Y B = v &
aNTIAUBIANATOU kar NITIATIwRsAUTENaUsY wandliudanssuiunssuiuluvenluaniue

< as o A a = 0 0 LY
YDUTIVBIENNBIATDUNANNTBUZWLIIN 300°C-700°C Inenszuiumssiuiuluvenluaniue
vosuduintulumegiidunesiuuniinnnifegiiduvesruudaney  Weldaamaiiluniseui

NINY

nanMTiaseilasiad I sEndsmainnsasuwresdidionduesiiegiidumesfiuy
wiuazfegsTidunesmuudanounuiiinsiuasuudamesdasiadswesildumesdn  Tufegeilsy
NRIAMUULMINUI dlaswaamwan aulassaselann nesAalaseadng (111) (200) way (220) 1oy
Tassaravesdn (111) fnndiga evihnseushogsildumesiuuiiangamgil 300°C-700°C wun

anuduvesazalunEnufeves Taswainmesd (111) indunugamgll ludiegfidunasdn

25



VUTANDUNUI HLATIET1INIINANTOMBIAT (111) LiedlaTsadiufen Weoinn15aumIng idunosa
vusmangamgil 300°C-700°C nuhmuduveazamdundnidaieves laswadmod (111)

anasfigmgll 300°C uaw Wndungamgil 700°C

1%
=3

MnmsiTeadsiiTaguliimseuegnaidunesiuuuiuagsosaiidunesiuuianouh
TAnNsasuuUamImenmvesiidgumesAriunssuumshisdudunesluaniuzvonds  uaziin
madsuuadlasiaianadnvomesdlddudeuninnsadouiivemesilusefuoznon  log
nalnlunsiedouiifuulinfndudsd nslinnufeunseiulimesiindsnuenniuuduions

\WWFRUNRULZLINNTUMAIUTENg AR luAD 1 UEMABNMAY (molten) BYINNTAANANUNURIVDIMBIA

1 a6 o

Tufeteflaunesdl nesmdainnisduimiuiiunszvaunmsniudndunealugniuzaeids wyingsu

wianilfetuiigamligs  wiieailunidelavipuninganainmiaivemesdiany - Gannsady

9 Y

'
1 IS

NeIaNNIaUTENg Afailouraauina e nIAINIIIAVAILMAIRIATBWIRN  AVIUVUIVEITAY

o aAa 1 o ] [y

NRIANLAIT dnsunisilasundadlassasiamandniivunliuaziinduluseninanssuiunsEuaIves

Y '

fegeaumdinisey  msziegniauisunlunsideignudeslibusmasegnedilumey  Jadu

anzmugausten sugnudn - detdunszuiumsilenvdwaliinnisugnudniiduinigavemesiiuy

[ [ a

fg1alduneIn delawnnasalunlaseasie (111) Tiiuundule Metdaseiuiuetadiwananaln

nsedeuivemeaiTtusisgaiaunesdife sansersznindldunasmuaziangiusn Faulannua

N15NAADINLANANUVDIAID 1N AUNDIAIUULNILALADEITALNBIAIUUTANDUY

26



1ONE1591999

J. 1. Langford and A. J. C. Wilson, “Scherrer after sixty years: A survey and some new
results in the determination of crystallite size,” J. Appl. Crystallogr., vol. 11, no. 2, pp.
102-113, Apr. 1978, doi: 10.1107/50021889878012844.

O. C. Ernst, D. Uebel, S. Kayser, F. Lange, T. Teubner, and T. Boeck, “Revealing all states
of dewetting of a thin gold layer on a silicon surface by nanosecond laser conditioning,”
Appl.  Surf.  Sci. Adv., vol. 3, no. December 2020, p. 100040, 2021, doi:
10.1016/j.apsadv.2020.100040.

A. B. Tesler, B. M. Maoz, Y. Feldman, A. Vaskevich, and |. Rubinstein, “Solid-state thermal
dewetting of just-percolated gold films evaporated on glass: Development of the
morphology and optical properties,” J. Phys. Chem. C, vol. 117, no. 21, pp. 11337-11346,
2013, doi: 10.1021/jp400895z.

X. Zhang, X. H. Song, and D. L. Zhang, “Thickness dependence of grain size and surface
roughness for dc magnetron sputtered Au films,” Chinese Phys. B, vol. 19, no. 8, 2010,
doi: 10.1088/1674-1056/19/8/086802.

S. S. Godipurge et al., “A facile and green strategy for the synthesis of Au, Ag and Au-Ag
alloy nanoparticles using aerial parts of R. hypocrateriformis extract and their biological
evaluation,” Enzyme Microb. Technol., vol. 95, no. October 2017, pp. 174-184, 2016, doi:
10.1016/j.enzmictec.2016.08.006.

T. T. K Chi, N. T. Le, B. T. T. Hien, D. Q. Trung, and N. Q. Liem, “Preparation of SERS
Substrates for the Detection of Organic Molecules at Low Concentration,” Commun.

Phys., vol. 26, no. 3, p. 261, 2017, doi: 10.15625/0868-3166/26/3/8053.

27



S aiTe

e i )

A aTa A A
[ p——
o) PPN 4 (s
PR RAuARA AL
| e —




U52IAUNIY
WAINULATING

1. ¥e-urwdna

(nMwlne) Qi¥n1l wased
(My19angw) Poomirat Nawarat
2. fundstagiu 91915881V IARANENTQNANNTTH

3. mgeuuazanuilagiiaaseldazain
ANEINEIansuazinalulad 1rinetdemalulagssusnanszuas
(Fudnszuasmile) w@vfl 1381 auUUIEIITINYT 1 UVNAEIN WAU9TD N3N 10800
nLEUINIANA 098-8245755
TUswalddiannsetingd (e-mail) poomirat.n@rmutp.ac.th
4. UszaRnisAne

Bachelor of Art in Physics and Computer Science: Middlebury College, Middlebury VT,
USA

Master of Science in Physics: Rensselaer Polytechnic Institute, Troy NY, USA
Doctor of Philosophy in Physics: Rensselaer Polytechnic Institute, Troy NY, USA

5. awniviitianudungiley
-Scanning Electron Microscopy
-Atomic Force Microscopy
-Molecular Electronics
-Chemical Vapor Deposition

-Electron Beam lithography

28



-Thermal Evaporation Deposition

Uszaun1salauivy

P. Nawarat, K. Beach, V. Meunier, H. Terrones, G.-C. Wang, K. M. Lewis, “Voltage-
Dependent  Barrier Height of Electron Transport through Iron Porphyrin Molecular

Junctions” J. Phys. Chem. C, vol. 125, pp. 7350-7357, Mar. 2021.

B. Wang, P. Nawarat, K. M. Lewis, P. Patsalas, and D. Gall, “Tunable Infrared Plasmonic
Properties of Epitaxial Ti;, Mg,N(001) Layers” ACS Appl. Mater. Interfaces, vol. 13, pp.
22738-22748, May 2021.

J. Littlejohn , Z. Li, Z. Lu, X. Sun, P. Nawarat, Y. Wang, Y. Li, T. Wang, Y. Chen, L. Zhang, H.
Li, K. Kisslinger, S. Shi, J. Shi, A. Raeliarijaona, W. Shi, H. Terrones, K. M. Lewis, M.
Washington, T. M. Lu, and G.-C. Wang, “Large metallic vanadium disulfide ultrathin flakes
for spintronic circuits and quantum computing devices,” ACS Appl. Nano Mater., vol. 2,

no. 6, pp. 3684-3694, Jun. 2019.

P. Nawarat (Presenter), K. Beach, H. Terrones, G.-C. Wang, and K. M. Lewis, “Transition of

Conduction Mechanism from Direct Tunneling to Fowler-Nordheim Tunneling in Iron
Porphyrin (FeP) Molecular Junction”, Howard-Columbia Collaboration Meeting, Columbia

University, New York City, NY, USA, May. 2019. (Poster presentation)

P. Nawarat (Presenter), Z. Li, D. Frey, G.-C. Wang, and K. M. Lewis, “Characterization of

the Metallic Property of Vanadium Disulfide (VS,)”, American Vacuum Society Spring,

Rensselaer Polytechnic Institute, Troy, NY, USA, Jun. 2017. (Poster presentation)

P. Nawarat (Presenter), “15 Degrees Celsius in 15 Minutes: Optimal Temperature for

Boost Laser”, Summer symposium, Middlebury College, Middlebury, VT, USA, Aug. 2013.

(Poster presentation)

29



	Titlepage
	Abstract
	Acknowledgements
	Contents
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Reference
	Appendix
	Profile



