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Vacuum surface engineering

1. Surface phenomena
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Presenter
Presentation Notes
You had a look at the vac in previous lecture.
Now we will look at the process from the perspective of the surface.
Both of the substrate and the deposited film.
Some basics before we go in depths


Surface energy

Lmy—indtx surface High-index surface consisting of low-index facets
dw y surface tension = dW work needed to
]f(ll) - form surface dA

dA
In thermodynamic equilibrium:
Jaay@ = min
A
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Presenter
Presentation Notes
For a liquid surface tension is surface energy and can be easily measured.
For solids the measurements are done at high temperatures forcing creep and changes in surface area but not in volume.
Low index surface has lower surface energy than high index surface



Contact angle T

Contact angle .
wetting

8=0 Perfect wetting

0<8<980% | high wettability

» Y LG
80° = 8 < 1807 low wettability
rfectl
B = 180° peree’y
non-wetting
-
Ysa = 7YsL + Yoacost S = ~ralcosd — 1)
Young equation Spreading parameter S
S solid Complete wetting when S= 0
L liquid non-wetting when S=-2Y
G gas
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Presenter
Presentation Notes
A direct measure of surface energy can be found by wettability or contact angle.
Youngs eq where each gama is interfacial energy. Gamma SG is interfacial energy between solid and gas.
High energy substrates are much easy to wet than low energy ones.
Also wetting increases if solid surface energy is higher than liquid surface energy.
Direct correlation to cleaning, solvents and how dry a surface stays. 


Surface reconstruction

Au{110}1x2
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Q first layer atom
@ second layer atom
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Presentation Notes
One of the reasons of surface energy is reconstruction.
Ideal infinite crystal will have equilibrium positions for atoms on the basis of forces.
However the top layer or top 2 layers are actually different. They have less forces from one direction.
This imbalance results in high energy and the system stabilizes by moving to low energy states.
Low energy state is achieved by surface reconstruction. Surface atoms will assume positions with different spacing and/or symmetry compared to bulk atoms.
Can be of 2 types: relaxation or reconstruction.
Relaxation : normal movement so closer spacing than bulk or lateral where top layer shifts laterally
Reconstruction : 2-d structure of top layer changes. Eg Pt(100) reconstructs from cubic to hexagonal. Reconstruction might keep same number of atoms or have more or less atoms.


Adatomi s&rmalis

Adatomien kertym&

)
il
(@)
)
Y
)
©
@)
-
qv]
()]
-
-
o
@)
-
-
=
Vp]
)
(@)
©
Y
-
)
)

| Jari Koskinen 5


Presenter
Presentation Notes
Reconstruction and surface energy has direct effect on atoms put on the substrate.
Adatoms will cluster and move around to cover places with high surface energy first.
So point to remember is that in any thin film process a layer of film does not just form there as is.
It adds atom by atom which are subject to surface energy changes and reconstruction. 



Adsorption

Eq(2)

*Physisorption

2M
Yl ;
C |
Chemisorption M Z
K

Kuva 12.1. Lennard-Jones-diagrammi.
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Presentation Notes
Bonding of adatoms to surface.


()
Adsorption

Physisorption

*Chemical bonding:

spolaroization (van der Waals)
*Bonding energy = 0.001 — 0.5 eV
-Bond length =3 — 10 A
*For example: nobel gas or molecules
on materials
*Possibly precursion state before
chemisorption
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Presentation Notes
Just to give an idea in temp. 0.11eV is around 1000 deg C 


Adsorption

Chemisorption

*Chemical bonding:
echarge exchange

Bonding energy = 0.5 - 5 eV

Bond length=1 -3 A

*For example: H, O, N, CO on metals
*Dissociation of molecule

*Final absorption

Ey2)

2M
C/
F M,
K

Kuva 12.1. Lennard-Jones-diagrammi.
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Desorption

Adsorbed molecule
receives energy Epin - v

order to leave surface detection in the gas phase
* thermal ‘.

[ rad | a'“ on 1. Photon absorption

® phOtOﬂS 3. Desorption of the admolecule

* electrons

*ions %

* electric field M |

T T
\\_/

2. Bxcitation of the substrate-sdsorbate complex
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Presentation Notes
Remember energy provided must be sufficient for desorption or molecule stays around.
More difficult if you have high surface energy surfaces.


Balance of absorption - desorption

e collisions of molecules (gas)
» S sticking coefficient

* E; energy for desorption

e P pressure

Coverage
S P*e(ED/kT)
(k)

~ = const .*

e High P, low T —» more adsorption
* E, large, full coverage
e very little adsorption in UHV
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Presenter
Presentation Notes
Remember both are energy driven processes. Thus they have their own kinetics.
If you do not intervene by putting more energy a.k.a cleaning then they will reach a balance.
S is a probability of a molecule to hit surface and stick. Contains info of surface energy etc.
P decides number of molecules around.
More tightly packed surface like 111 has not enough sites for adsorption.


Surface diffusion

Physisorption A Desorption

Adsorbate Chemisorption

or
adatom Surface migration

http://iramis.cea.fr/spcsi/Phocea/Vie_des_labos/Ast/astimg.php?voir=60&type=groupe
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" surface diffusion

» Diffusion is thermally activated random movement of adsorbed atoms
u D - DO e-Eact/kT

= E_.. large -> slow diffusion
* T high — fast diffusion

Surface diffusion
of Cu on Cu(111)
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Presentation Notes
Note: too much energy will desorb the atoms.


=)
Work function

_ metalli o tyhjig
= Work function ¢ pinta
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Presentation Notes
Work function is min energy needed to remove an electron from bulk material.
Highly sensitive to surface conditions such as contamination or surface reactions.
Thus a monolayer of one material on another will change the work function significantly.
Surface conditions can be checked by work function measurements.
Also deposition of materials specially metals is an issue if they are contaminated.


Work function of some metals

Element eV Element eV Element ey Element ay Element ey

Ag: 4.52-4.74 Al: 4.06-4.26 As:|3.75 Au:(5.1-5.47 B:|~4.45
Ba: 2.52-2.7 Be: 4.98 Bi: 4.34 C: ~5 Ca:|2.87
Cd:|4.08 Ce: 28 Co:|5 Cr:|4.5 Cs: 2.14
Cu:|4.563-5.10 Eu: 2.5 Fe: 4.67-4.81 Ga:|4.32 Gd:|2.90
Hf:| 3.9 Hg: 4.475 In:|4.08 Ir:| 5.00-5.67 K:(2.29
La:[3.5 Li: 2.93 Lu:|(~3.3 Mg: | 3.66 Mn: 4.1
Mo: | 4.36-4.95 MNa:|2.36 Nb:|3.85-4.87 Nd:(3.2 Ni:| 5.04-5.35
Os: 5.93 Pb:|4.25 Pd:|5.22-5.6 Pt:|5.12-5.93 Rb:|2.261
Re:|4.72 Rh:|4.98 Ru:|4.71 Sb: 4.55-4.7 Sc: (3.5
Se: 5.8 Si:|4.60-4.85 Sm: 2.7 Sn: 4.42 Sr:|~2.59
Ta: 4.00-4.80 Th:|3.00 Te: 4.95 Th:(3.4 Ti:[4.33
Tl | ~3.84 U:(3.63-3.90 V4.3 W: 4.32-5.22 Y: 3.1
Yb:|2.60 [ Zn:|3.63-4.9 Zr:|4.05

Adsorbed atoms alloying effect work function
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Solubility of gasses (hydrogen) into metals

Vedyn liukoisuus [cr(NTP)/ 100g]
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Lampdtila (°C) |
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Presentation Notes
Process temperatures, metals and gases must be kept in mind.


Vacuum surface engineering
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Energetic ion surface interactions
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Secondary electrons
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Desorption, cleaning
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Sputtering
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Collision cascade, thermal spike

& SECONDARY & BACKSCATTERED
ELECTRONS PARTICLES
|E| ‘T

Hv 7 GAS DESORPTION

PRIMARY
[ONS

it

A

(@ . AMORPHISATION

Ry *0 % .
INS o s

SHOCK POINT
WAVE DEFECT

1 o

SPIKE

SPUTTERING, ENERGY &EMOMENTUM TRAMSFER
ANMEALING & ENHANCED DIFFUSION

Aalto University
.......................................................................................................... K. Nor School of Chemical
M Technology

| Jari Koskinen 21



Thermal spike

10 keV Au ion to Au surface

HY Nordlund simulations
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http://en.wikipedia.org/wiki/File:10kevau_au.gif
http://beam.acclab.helsinki.fi/%7Eknordlun/anims.html
http://beam.acclab.helsinki.fi/%7Eknordlun/gif/au500.avi

doping, compounds
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