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Introduction

(1) Applications
@ Metal
* Surface hardening
* Decoration
* Anticorrosion
2 Inorganic or organic materials
* Conductivity
* Magnetic property
* Lubrication
* Optical reflection
(3 In semiconductor industry
* Functional coating
- Solid surface
- Thin film fabrication
- Surface analysis



Introduction

(2) Examples of applications
(D Optical properties
* Reflection
* Transmission

(2) Electrical properties
* Conductor
* Anti electrostatic discharge (Anti ESD)
* Insulator

(3 Mechanical properties
* Lubrication
* Anti wear
* Diffusion barrier
* Hard coating

(4) Chemical properties
* Anti corrosion

* Catalyzer

(5) Decoration



Introduction

(3) Surface treatment methods
(1) Wet process
* Electroplating
* Electroless plating
* Painting
* Sol-gel
* Anodizing
(2 Dry process
* Physical vapor deposition (PVD)
- Vacuum evaporation
- Sputtering
- lon plating
* Chemical vapor deposition (CVD)
- Thermal CVD
- Plasma CVD
- Photo CVD
- Metal oragnic CVD (MOCVD)
* Plasma spray
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Aluminium die casting mould with
BN release coating

BN coating & &2} off — AUDI




Solar Cell

HH 2 GlIAI

This is a drawing of the solar cell and its working mechanism



HH=4 - STM

Scanning Tunneling Microscopy (STM) image of a graphite surface where contours represent
electron concentrations within the surface, and carbon rings are clearly visible. Two

Angstrom scan.

ISOURCE: Courtesy of Veeco Instruments, Metrology Division, Santa Barbara, CA.



HH=4 - STM

STM image of Ni (100) surface STM image of Pt (111) surface
SOURCE: Courtesy of IBM SOURCE: Courtesy of IBM



Bulk. Surface. Interface
Types of interface

Surface Chemistry
and Catalysis
G. A. Somorjai (1994)

e -13- TheMAd




Surface vs Bulk

Surface vs. bulk

e surface P

bulk

- -14- TheMAd



Surface vs Bulk

Surface property vs. bulk property

Surface property:

Adsorption, catalysis, oxidation
Friction, adhesion, lubrication

surface

Bulk property:
Electrical conductance,
Thermal conductance,
Melting temperature,
Heat capacity
Modulus, hardness

bulk

- -15- TheMAd



Types of Surface

e External surfaces

Single crystal surfaces

fcc(111) fcc(755) fcc(10,8,7)
 internal surfaces

e Zeolite * Nanoparticles in Mesoporous silica
Pore size < 2nm Pores of 2-50nm
Pores are ordered with Pores are ordered.

%) interconnections. -16- TheMAd



Types of Surface

* Nanoparticle and nanostructure surfaces

" | -17- TheMAd



Surface area at nanoscale (nanoparticle)

How much increase at nanoscale?
(Surface area at nanoscale)

« oF O ZO|7HLE S EHA YAS &40l 2 At

7
. MREHNS 612 MHL 1 YE7}p0 B S pL
& AE (6L7)/(pL3)=6/pL
m

Ol M2 (M2|29 Y 2.33g/cm3)2 16T T HHAY2

U 222 1g9 BEHY

L (cm) A(cm?/g)
I 2.58

10! 2.58X10
10-3 2.58X103
10- 2.58X103
107 2.58X107
10-° 2.58X10?
10" (Inm) 2.58X10'"!

- -18- TheMAU



Surface area at nanoscale (nanoparticle)

AXIA7|0f 2 BEHAK £8

Pd cluster
100 }— ' ' ey i
| \ H| S 2.2g/cm3 QI Nacl # 2 1g 2| 3% o H O
F A Z20[7t0.77cm M 1nmZ He I #HA
g” 35}

= -19- TheMAd



Importance of surface

The role of surface is more important as the size of object
gets small.

d=39A d=78 A d=11.8 A 508 1
D=1.0 D=0.78 D=0.63 @
= .8
SEEPETRTES . 2
r =~ D4 1
d=157A d=196 A Cluster Size.d (A)
D=0.53 D=045
Surface Chemistry
and Catalysis
Number of surface atoms G. A. Somorjai (1994)

D (dispersion) =

Total number of atoms

- -20- TheMAd



Number of surface atoms

Dependence of shape of particles on dispersion

- ; .H‘ 3 F 4
“Nad” N\ 5 ¥
2.0 ¥y
i ®-0.8_09
Y -—-e-9.0.0
ot o’ O e
F-("' "-—o }. .. 4 y=r I?-.‘ e’ T
\}-'r -, e ” Yot S
' s el T et

L)

'f“ LECUDE

- f.'-
.06 = Truncated
e cube

Number of surface atoms |

u g \.ifrnh'r Ol Inrt;l. aroms I? ;l U° ) : ThEMAu



What is Surface 7?7

. 29125
o ANMZO 7MY HHEZE R
« QIFOILHE 7|M|, AN, LA LES A

- Mzof EUN 5™

. H|Q|Zt IR B O TALL S BT
. CHY¥S TR S 442 Do) 292

0%t

>

fujo

AHE| AXFLF 20| EEHO| 10~100nm F7H 2]
- HHO| FZ2|3tetN EMZ ED AL
1= Ao 2& IHO|AM M=z ™

(@) -
. 2tOIO| AL 100nmE 7| =2 = surface filmI} bulkE &

=k-1 PN X=]
[S)

Otz S0fl x|t JAt=0| 2fs &&o| I A et

50l A =1 OF2f 2 2~10 - X}5(Z O] 0.5~3nm)
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Number of surface atom

S8 EIANE

Of
L—

HO| 1cm

ofH of

A StLEe| 27| & 0.3nmEL

&

Aol =&=7

stgl

2 A 1ecm2 Ol &£
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Surface energy

A #HRAXHEX) - dangling bond & 72

Surface energy; EHO|| = RAXte| O 22| Of L X

dG =-SdT +VdP+)_ p,dn, + ydA

aA P,T ,n;
EHlot 2A|, 2| QI AXfoto] A AtEah 1
}/Z%Nbgpa

N, : # of broken bonds

p, :surface atomic density

-24 - TheMAQ



For example : FCC

g 5 ¢ 12 4e
=28 =l e =i Bde=E
{1113 az {110} 2 az {100} 2 az ag

HAMEE FAISIHA Z2H0| dZ&otCtH

]
Yooy = Yoy =~ Yaiy 111}H 2 = &50H £l = 2EHA £+ =& 0| F&= AO|
O 4 X| HO|A 2= 0=

() (b)

(<) < (d)

-25- TheMAd



Wulff Construction

A Wulff theorem
TN #HO|HX| S X232t 017 [0l BHEE
#HO|HX| r, 0 B|2[St= i 2| =22t AHE[ b, 7t
A | L= ol Zxhstet

BHURDY; =40 $50 B BHEAS [ SAHI 7HE I
Wulff plane &2 = 2{ Ml HE|
Roughening transition
; 120M fHoE Hatk= A
0i[) Nacl
710°C

" P20 -26- TheMAG



Wulff Construction

11

(110N v (010) . ‘ ‘
cube octahedron rhombic

\ P Y100 Yiiq dodecahedron

—

(110)

4 N\

NN

ANIIZAN
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Ostwald ripening
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Surface structure

r
[0
>4

FEFEX| X Z: Si, C, Ge = diamond structure
« 2etFHIEX| X &: GaAs, InP = zinc blende structure

= -29- TheMAC



Surface structure

(100)H

(@) _I-éC-D
(111)™ O 22
(110)H ZIARZ O AXE 170 =7t
(100)E ™ (111)ZE ™

33

[011]

0000

f [110]
[101] [112]

[001]

-30- TheMAd



Surface site

7O Ew g0 HE =50 25l = site XY
« Si(100) EH-> 3719 site
@ Top site; 22 bond”7F 17l{(one-fold) Q! si & A}t HEZ 9
@ Bridging site; 22} bond”} 27l (two-fold) Q! &= O| 2Bt si & X} ALO|
(3 Hollow site; 22 bond”} 47l (four-fold) 2! 471 2| si *XI7F OtE = At E S A
¢ Si(111) EH> 3719 site
One-fold top site, two-fold bridging site, three-fold hollow site
* Si(110) EH-> 4712 site
One-fold top site, two-fold short bridging site, two-fold long bridging site,

four-fold hollow site

.(4).(2. 3 2. (er
00 0000
000
00

(100)E ™ (111)H ™
. SET HHNO| X2|5
MZ2 Xteto| A0| 23kl = T4 A™HE
OIS O 2 OFA{ A o
= | — e
W > ECerystaxz 5 AXSo| NE 0| Yoj




Stepped surface
== KXo HH-> EEl X (open structure)
EDOIE)2 2%, 3% AKXt 29

APt At X

7ol x}

; K|+ EHEO| CHAX T 22
CtAX 52| THALE 7FX|HA HLEE|= fX
O| A&l H™MO| terrace?} stepl| £t

=

Kink

o StepOf| 9 XSt AKXt =N THO| MR ET}
o TerraceOf| 9| X[ot Xt Of 2 20|

EHE X AT

AxtSo| FH3 2o

DL} 03 HAHHES 0|2
> FEE O FB0| Ust4 oty
> BOS 40| 274 o]

z(a.u)
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Surface reconstruction

-

o
2|51 reconstruction2t
* Reconstruction(MEH1E);, EHRAXZ0| =

ALO|o| ZSHEAIE MEAH &

A E S 2

X4 WO HE EHAXSO| T

2HEFE (relaxation) O

* Relaxation; EFHTZ O] & H3} §l0] 2
Hiol oE = =&ldtgfo 2 ZAstZ0o| = d
dostdoz HLH oot EHA X E Bt
S>0|HeE E5=9F 8F surface energy | 23S

2 bulk AR} CHE M 2R 7|82 7+

« = danglingbondE M= Xf%ﬂ MEZO0] 2l O =Y
« HIEX|: EHO| dangling bond= ZEMEZ OO 2 =X

o3}

. P
£ £
.’ AN

. J
- -

> dangling bond= == 0|HX| JEH 2 T 5 Z|231517| 2|of

> JCtEol o 2 FHAXIES MEHES = 2

> HE = #HSO| MEINFT S HM bulk2t EHE EHAEE B

ol
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Surface reconstruction

(b) Si(100)—2x1 MEFZ

u http://www.chem.qmul.ac.uk/surfaces/scc/scatl _6a.htm
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Surface reconstruction

Si(111)1x1 Si(111)1x1

18] =
BE ) e

K e
&
W
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() &
._.
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IR ——

2] e

http://www.thi-berlin.mpg.de/KHsoftware/Balsac/BalsacPictures/SSDfig99.gif
http://www.thi-berlin.mpg.de/KHsoftware/Balsac/BalsacPictures/SSDfig89.gif _ 35 - TheM Au
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Surface reconstruction

Si(111)7x7

http://www.fhi-berlin.mpg.de/KHsoftware/Balsac/BalsacPictures/SSDfig91.gif http://www.geocities.jp/mitoh6/das7x701.jpg
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Surface reconstruction

»
. AL A AT
LN » .
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y '

ah A

http://www.tf.uni-
kiel.de/matwis/amat/semitech_en/kap_3/advanced/t3_3 1.html
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Surface reconstruction

HE7|Zt HEHO MER ‘|IXLE A2 FI1510 54t
> F71El |XEY| 2|5 dangling bondE 2EA|7|H EH S A H

(b) Si(100)-3%x1-H #Z(1.33ML)
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