AR TR EAFL 2 - ML 75
ERZ M
Temperature Dependence of Two-dimensional Growth

of PbSe Quantum Dots on Graphite

G AR ¢
IR R KR
kAL R

=

e

—_t



At E TR EAF I Z DMK 75
ol B 2 AP B

Temperature Dependence of
Two-dimensional Growth of 10-nm
PbSe Quantum Dots on Graphite

FopoA LRy Student : Yi-Ching Ou
R R R R Advisor : Prof. Wen-Bin Jian
HwEL K& Prof. Juhn-Jong Lin

A Thesis
Submitted to Institute of Physics
Collegeof Science
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master
in

Physics
July 2006

Hsinchu, Taiwan, Republic of China

T
i
M

=

e

.

I~y

i
Ve



102 4 mit4edF B A 2 - A £ 75

iR B2 AP M 2

g4 ikt BERE feR R
AL %t

RRSETIRNE S5 P gl R s

AFHRBEE TV ERHE A E IR ATEAF IR LA B o m
AR RAZETFFY OEEZI05F - APMHEFELEEAFELE D
o A R I A R R o § TIE TR SRR R B B2 IR R
FRRFFEFSE cfREFERES S URE 4 RS EE L s A
TP c F AR 2 fE A BIRRE e £ A 4 6 5 T0C~100C ~
130CH= 150°C o Vi I > 5 BB F ok Mz B f @i e 3t 240

O G AR R R o AP RVAL DT AT - F- BT A e

&

SRt Bl eniRdE AL A X ARG AR Y PRI MDA S o R B3 KRR Y
VBRI Nae A L 0 A X R PPER R D R R AT T e AR Y - 8
o e FI R Ed = & Lennard-Jones Ap Bl kw0 AR B REFER TR
FROAPAERDIPEY LB Pdp o FIAREE L RPN AF LAY
oo xR A & 100°C~130CPF > 2t LR B spinodal A f# IR % o

&ﬁﬁ‘ﬂ A '[%/xr_fi?\:ﬁf]l\ ,ji’r,[g B i ,:L‘ e m’;‘l:ff;"- [E R /ﬂ % o



Temperature Dependence of
Two-dimensional Growth of 10-nm PbSe
Quantum Dots on Graphite

Student Yi-Ching Ou Advisor Prof. Wen-Bin Jian
Prof. Juhn-Jong Lin

Institute of Physics
National Chiao Tung University

Abstract

We have studied the influence of temperature on the growth of 10 nm-PbSe quantum
dots on graphite. The PbSe SQD were dispersed in toluene solution and then
deposited onto a fresh graphite surface which was pre-heated by the halogen lamp.
The growth temperatures were controlled by tuning the distance between the substrate
and the lamp. The topography was then taken by ‘using atomic force microscope
(AFM) with contact and tapping modes:and-analyzed with the software, NIP. We have

observed four kinds of samples which temperatures were 70 , 100 , 130 , and
150 . The islands tended to be disassociated at higher temperature and aggregated at

lower temperature. We conjecture that there are two possible mechanisms for the
growth process. First, the islands formed during the desorption of the capping agent.
As the colloidal particles clustering, the island size is dependent on the growth time.
For our system, the growth time is corresponding to the desorption rate of the capping
agent and dominated by the temperature. Second, the particles dispersed in the
solution form a two-dimensional gas system which is governed by the 2D
Lennard-Jones phase diagram. The island morphology representing fluid, gas+liquid
or gast+solid phase depends on the temperature and the coverage. As the solvent
drying out, the morphology is fixed on the substrate. We have also observed the
spinodal decomposition at 100 ~130 . This means that the 2D particle system

becomes barrierless under this temperature.
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AR AT AT T P (et 4 T L - R4 o AoB] 2-7 1
B0 BARELS YW Sufrwy o FER A fohd TR chd B 0,400, 0 B B iRAp D

A Qo A BIRESTA S B L

w(r,6,,6,,¢) = % [2cos 6, cos @, —sin 6, sin 6, cos ¢] (2.2.6)

& &X
v % st ac /] kT p¥ > ¥ d potential distribution theorem &} $+#73 & & ehT 32

u’u?

w(r) = — 2.2.7
® 3(47g,e)’ KTr® 2.2.7)

Pt 3 E* r L Keesom g orientation interaction e
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B 2-7 B k- ik T £ B

% R34 5 e

F- A0 d u i EE RS o BT e R S 0
A S AT AL

2 1/2
E_ u(l +43 00;349) (2.2.8)
g,

T A AL iR

2 2
W(r,9)=—laOE2= U e, (1+3cos” 6)

2.29
24rg,)’r° o
¥ AT chd R TR G
U
e, 2.2.10
(r) (475,6)°1° ( )

Vg S AR W T R 0 HR A Y Do frag 0 B ART 451 il tR-5
LRSS
uzar,, + Uiy, |

w(r) = — e (2.2.11)

P L 4E R T iF* L L Debye interaction £ induction interaction e
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Lennard-Jones i+ %t

TFZIT EPETA 2 i A5 Tk s B T k)
FEHE - bR R 4 FEEAORE R RS BN M - ARy 2
% o3¢ 1 A 3k =% (hard sphere potential) ~ 45 # 5 =% (power-law potential){r p
#X 4p #c = %' (exponential potential)

BOAGFREFE PRI ZF AT 4 gl fopt x4 dfpde o - BB
ok fp iRk B IE* 4 hfCA) 5 Lennard-Jones %t

w(r) _%—3—4 {( Ty (%)6} 2.2.11)
y B P ARPA R R N BRI kg IR o Fr=ofF 0 § # (Fw(r)
BRI TR SR g A A PR o d PP drol M LT
n‘:éfr:2”66l€l?’w(r)§j§§w'm et F I et LR L 2% an R i

80

2-3 #p % #t--= 1% {r spinodal 4 jiZ

ho Be FAM(R ) d R AR > F ed A Ag R LA R
T A kgt pE > T L2 G d54p(homogenous) o R fRIEE T o kA cnle A A A B
BT AL A AR I AL G 4R A dt(phase separation) o 4B A BTG B AT iy h
= 3V I 2 % (nucleation) &% spinodal 4 f%(spinodal decomposition)[6] ° ﬂ z_fFen

tEab BRI A R ST T S

2-3-1 % frfe &

AR LL R P ELSREE Y E LR R RS S
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SRt A B R AT o M pd BT s

AG, =

(2.3.1)
ViR R B R o rd B2 LT SEF I L A e o v H - ki
hoac 0 AGyR & B P pd wanit s - e RT AG,<0my>0> 47 %
Rl X g R IEAEMp d R A WMBIR X EREFEWAD RS B
AGH#T TR T #MAGT - B % o @ p A ech® <r &0 T 5 gt fEIpfech
Tl & ATRR S LW B D G R F e R ARG 7
G A A TR AP RE NIRRT R - L B EARERA

Pl g 2= TR E 0 IR L5 = i (nucleation) > EAZE = % %  chR s 0 P
B ERET R AR T PR R AR 4o B AR R ARE R TR

% # 5 = & (growth) o

A
AG

nucleation

growth

Stable

unstable nucleus

r

e o EEEEEEEET R EEEEEEET =
v

Critical
s17e

Bl 2-8 = 28417 & B
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2-3-2 Spinodal 4~ ji#

Zoo ReyfrH P ap d e B AGE k Stak im0 R AR

TSRk R G A g A > RRFHAT 2B AR 23 b FR G ) D

Tl st o P R SR - B AR R RS Y eniE e S R

Boo| chd B4R B & £ o IR % 4L 5 spinodal

2 f2[18] -

L %A PAEA) € F A = P spinodal A
fae gpd pod o e A (TR kAT [19]0 4o R
2-9 fd AW KL f By oo o Ij'*u{ﬁ d i
kR ho FEMcA |30 R enpFig > @i - Bhib
fd it ER R AL ERA B I 2T
o AP AR RE P EG ER - Blbe
B AT EEGFAAAEATLED B
o @ FRROp d o E N R e
A A % ospinodal A fF e F 20 e EF AT
B> T —- Bhep d 0 ¥ €3 H 2
iR B2 Tiapad o NEAEFETR LI
40 R B 0 B % B L AR Rk i1
AL PR KSR d i A T did]
® 0 fL2 % 4 48 & (meatstable) > F]pt > B gt
FEREFPLRLCIFL G I~ s
AR A [0 WS wm - ) SR e PRI
bt FRERZEIRE T AN ERAAR
K00 I Tt

wE
=1
&
=

A i e A e SRR R
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2-10 3 B R-2addrp d -e 2 HREFTRITE FAERT (TR KT mR)
Zpd AR BT A AR R E RS A A RNHEY
R B F 5 f @t T 5 spinodal A 32 Rk A HRAIY F LD Eeh
WHFEABEZRFE > L FEFIFALENRAPRE WA E PR
WY RS gRp 2] g~ 40 @ spinodal A fER G 2P S F A
D B endp s B o

FHle A~ pod e R 2 F S BhiA- W G B > spinodal 2 $8 44 2t -

ez F4a(spine)> B &d pa 72 s IR G S IMNE AR A EF ALY o

2-3-3 Scaling 2 %
d 2 ”f\-’"%‘\"r\ rﬂ"‘} ’Té‘ LN 'FBIFSE;F‘L—

EAPzwL FLEED - A A ’i’ii@t“ﬁﬂ?}

EERRAERE SEGL T L s p A

no

)

R VS A S g ol SO S

-

&
@
4}

TTI T T TrT

N, (6) s*/8

ERBEZD ZERNRE AN ERR

5o e d > 5 - §i5 Scaling e 2 7 Fes !_F?F' '
o szt ens g gl = 1[13] e j:i 1.£
TRl ¢ H iR SR T “'::f F“_
Fe B £ - o Blde o F AR S - R ct 05 1 15 2 25 8
o RIRR R Fi=1e 2 ki §HEIT ke B 2-11 ,;;;%H%
scaling & #ic # 2 scaling ¥

f.(s/S)=

N, (6)S>
o (2.3.2)

HEN(O)S 2RERGZOF > = Gsehfig2 e % & ° S5 97 § gt
337 1 > @ scaling g #fi(u)# g 0550 &

f(uy=Cu'e i’ (2.3.3)
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» Hd F #iCifra; € s &

I +2)a]
I+ Da]

o MR BEARIE F S E Y 1 (23.2)58 (R 0 £ 45 AP £ P scaling Sidied

S (- M
=) G = i a] (2.6.3)

ol MBI T L L eldp 2 TRh LT o B2-11 P 2 me N5 i=1

2 v 3 2 scaling ' A o

24 R 3 thad £ 4oif B b
Frd 7T B ACE(STM)endise S8 B D7 IR R T hi o ot B
AP b e Fo5 Glid DR A enE o S e At 3 - Bl T
K ﬁ-‘ﬁ{@?\li%ii FEW G BRAEE G b THPFR PN A2 L Eehd o SR
& IR & VPR e e 2 R ePPE oom Pi(nucleation)fr = & (growth) S fa ] € A2 R

FUAR AL Ak P A EREIE AR T SR A PRI 0 1A A g e

W

B REFETHR ) SR BAlE PG ER R RTHGfH AR
et ] & FF AR R o S o R R TR A BBATUE D A
R A B RAE TR B h T B0pRE > A AARE > 2 £ el ARP B A ARE R
B e AD BRI R R oa st BB AT 0T iope > AR E >
Plera) & B BARFR > F 2RI 2 Ak en e A A AR R ¥ friB A S 1
o R RARE o R R G ATRAS B AR AXE o ¥ - 2 G o iufiid FARF o Bl
Poenfs 1A% P A o
Bl 2-12 % & * STMEZ4LR F A F & B &% (MBE):h= 2 i ff I 4

(Pt(111) ) gk 47 + #7252 2 BA5[11] - Bla s 4Vh + B A 5 0Kk B ™ » &
¥ % (monolayer)900 #; e 5 #72) = cng]A) » iAAE 5 0012 H & > d B+ &>
BBt MR NiE T s JRATERE 0 T A P eI B o Blb s i AR e i
Fa AR 012k » f A Y2 28T 1I0KIe 1S0K » 2% 57 i3 g &

17



/\‘

&
-
ot
)
[
N
AN

RSN ISEECRC I U S iR oY
5 H
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K 6 x 10*f) BRI BIMd2 %

A 4
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3

=

L, 4 é_i%ﬁ;ﬁﬁqmﬁﬁg:—r ) ":”ﬁ IR m*;ﬁgckxﬁ;qb i E
Lenge oo EA R AR R TR E Y e F R AR A Ala AR

sz o Fles #Hlahis % 21 280K 0 v R X A1 F R eng

(d)

B 2-12 hF 32 3£ §FF
(a) LR+ 240K EBE TS E > B E A 00I12ML -
(b)c) B E P};O ML dwf{/m 110 K4 150 K2 =
R .u*j_104 SML» g & 5 110
oggé?j‘.l,.wa)é; % AR 280K -

K2 &%

A A om LG A el § P P dg(interdiffusion) R T 0 U &y i 5
IS R ] 2 AR 0 DRI B (TR #S)T T a1
5500 2 A fe Sk B P b ok 33 [12] o

Bk £ BN~ fL 5 Volmer-Weber #ic5¢ » £ - A= a2 v £ > 3
RERAGAFISPE Y Bpza 3wl R DRI KA £H
(coalescence) = — K E M o JUHEFNEF A4 SNEER AR T 2 B a4 LA fo R 7
R4 Rz - LN AL BHLLE G KA P A REE 22
E o

Rk = £ 558~ f£ 5 Frank-van der Merwe #5% > % B e & 5k & £ H055 4p

FoegEid s i A ik g A e SR R E i e - R E
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R (monolayer)sHiE %> B P4 % A 230ehm fi {6 4 BAe % - R e & o id
AR R FI A 2 B g 4 v o A e B engt g 4 R 35 gt
BT AMETEAF £ h e RAF I 2 TEHATEH 2 S
DS EEG S A R f R ARG - S SSKHE 0 &
Stranski-Krastanovi.f‘{'ﬁ,f% st RN eF A B AR o gt
Ry Essc o g E AL SR IB K (wetting layer) 0 FIE R - TR AR 2 18 BAs Bt
BER P EF RS LG N A R TS B e AR 2 B R ik
BT AT S R S @ F Rk R R A B aend
ot e g Birs B £ B FHE G E B EG T E o
B2-B3Fi2frEBf T AR - EFRER O TR Sed IR T e i fic
AEl 5 R ER LT E K (monolayer, ML)~ Az | 8 & e | >t 2 B & {odzifa H

éfl \:’i’l'r’g‘ﬂﬁ [}

> I N I——
“

Frank-van der Merwe #-3" Stranski-Krastanov -3¢ Volmer-Weber #2;5¢

Bl 2-13 9 £ 2 = f st
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NPRFTEZ G DL S RAF SRS L RIBF AR RIS FIRR
FRE S BARAAFAGEFAD BENEL > 2RI EERRY2
otk Bh 2 @R* A4 BASBAFMBERR T4 5 F 2 K3k ar+ £
Mo 8 UM AT o AR RAEA PR RS2 K- 4o

BYLASLRDERRE—RG S HHB 0 B RP R %N -

3-1 # &

Fo v 45(PbSe) £ 5 &

- AR H-100 2 5F T EREAE AL 8 '"'“ quantum dot) > Brett k3> £+
%{ﬁ&Lw—%iﬁﬁ&T’h“xnvf}m%h=%ﬁh’%@ STERN
P A enE 3 B Ui (quantum confinement effect) o 75 i 458 + 2L - B>
- DX R B R ARG AR E SR TR R e
e~ a4 [20][21] -

NP F KT TR gy g2
KRR E LN L1024 At FUR
SREAEY o @ AR IR REF - K
d = % A Y (trioctylphosphine, TOP)
foid i (oleic acid) THE = 1 8 4 >

fiz. 5 i3 AL (capping agent)s # #7 ib

R A 5 10%[22] ¢ 7%

R T KRR

# 3-1
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iR ERART RRARE AR AF o L AR DDBERF T AT REEA D
A oe SR RRBEIRE S GRFY O FE T FRLG R MRS

BRIRV LML R

%S 3

% & (graphite) .9 — & — & % ik Bipersadnn $[23)[24] > & 6¥ - A
oo - RS A s A AR 0 A R Bk TR G 1,425 0 A&
Rz Biepies 4 5 @34 e 3308 «c a2 PRy 5" 0 FEEL

FAkv ko TARHAE L v A R R AMTER B R F R

<

-

w14

e

)
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S

B3N 3 BhEehpRl 0 AV T MR AR e ded
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o

e

BTGB R RV ASERATERLES §T B RO R AF
HOPG 1% & 8 1 X 54405 & ;% (X-ray crystallography) =7 % 3| <4t & (Mosaic
Spread) ke 2| #7 > 4t RAR LA T H SHEARRITE & 0 T Bl A8F o
Aot i B A LY £ % %2 HOPG #¢ & 5 0.8° £0.2° » K&
NI~2F54 R % TEH e ARBTG5 I x 1220 530
Bodt o AP AR R AR B A A e TR E AT Y Sk
Brirl T g APRT MBI REDL G ML B FERA AR

$ ARl B AR S S BB R g -

3-2 REBE—RF 4 Bics

&+ 4 B g (Atomic Force Microscpoe, AFM) ¥ 3.8 #F4e 7 "k 7 i B st
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(Scanning Tunneling Microscope, STM) =74 $+[25] » STM 7% B 4 G. Binnig %
AR fRAR & R R BT L) 3 1986 & 1 EE e R I A B 0k ofe STM
AR R B AR EEA G 7 N d FRT IR IHFAIREA S LD
T A4 Flpt Wi JAERATHFEOR LG e R o AL d RS
hiTd 4 S EfRA > RIEFE TG PR Y §FERE AT RUIE RS
5 %eh STM > B ja45 B A A # 4o B 5 AFM chfkjies © 558 B B 7 1 j2s 4
B enf o
AFMiEig 4o 3-2 0 d B 1 ¥ (piezotube) #TH = 4 15 & (scanner) A

AFM# 4 & 93t > BRI PR sed A a gen@T i s ﬁﬂ«&mﬁl%ﬁt
5 B T »tk(piezoelectric effect) » @ & R4F W S5enk B Wy > 13950t g 2

FAFMic 3] 2 A Boenf# g & o AP fodf £ 00 5 2 & F 1 47 (SN AR 2
S s 107~ 107 N/m > 4opbd & 02 1 g 4ot 2 B i) ehi® s 4 o
PRSI I 2B DET S REREFE 2 T e R JI* KA R
RIT > KT Bk G d AR R B D e Rl P L RIS R
FrRE 3t RSEHFMHREFLSEEE S Av i - § 318 Ribde

P T RSUEL R R B TR A iR S 6 B R IR B ULk

P =
) EA R IP-
v : EA ek
EE R ) 2 3% ]
R o
14 5

B 3-2 AFM % L7 & B
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TP E* 4 ch% e o 4ol 3-3 0 A PR HY A 5 E8 5% (contact mode)
fod= ik 3¢ (tapping mode) © ¥/ ;4 £ v 4 % hfe Rl o FFE R SRR TR
B RAL PEESLII PR > AE LY NN A S P REAR T 4R o J TR S R
PUERIT O Bl e R F R SR G B R X DRSO SR e R R A0 B
¥ Hﬁ,miﬁ,ﬁ}u{ﬁgé BoRER L FIEFEAG A E Ad e IR - i R
Ko ¥-2d > 54 REMOIEPRF T EEREY 4 LRG> TP
BN R € R R hg RS L R A ITAS] Y R e R R AR
s ta g I BRLRIRALEDRF & RF PRI § FILHF 08
SRR TR @ A e o FF 0 SRR Rl o BAFfod il 3t i dp

FoOERARG R PRSAG L LETA S R -
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A
i
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SPA-300HV » © FF’E*-,F—JP STM’fL"AFM"th:% [ _jgfg g5 A ;ll»;i—J_ v 4 TR A E

4 g #cst(Magnetic Force Microscope, MEM) e & iR - 45 % i po 4 Bl 5 20 #ic

KA 150 fict A fo- Firi * F fa p T LoV LR TR RIBE
24100 FREMIFRERAEE IR PER R POVRAEAY
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8] (E4F ek el AFM BRI o & £ 9 enE]7) o LB A B A 6 S PRk

B o @ ¥ €47 tapping mode erdFpr Bzt 0 A ¥ A2 10~ 15 T2k endf dy
FREZ S FRaOL T F 005 T3 ok ch | GRS p E FF D LR
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N R B E TR (TR B Biifed® 25" NIP (Nano Image Processor) 4 17
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