Crystal Growth: Physics, Technology and Modeling
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Synopsis

Adsorption and desorption

Surface diffusion

Step Properties

Motion of a system of parallel steps

2-d nucleation

Screw dislocations role in surface dynamics
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Adsorption and desorption

A Adsorption i attachment of A Desorptioni detachment of the

species (molecules/atoms/radicals) : e
at the solid/liquid surfaces species from solid/liquid surfaces

Desorption does not depend on the pressure in the vapor
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Adsorption T Kossel modeli K surface

A Atomic adsorption at K surface (atomically rough)
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K surfacesi fluxes and equilibrium

A Adsorption i site attachment rateR._.

4+'v

A Desorptioni detachment rateR ..

{m_ v hme —]

A Equilibrium 7 fluxes are balancedR,,

A Equilibrium i flux and pressure (will be used as reference valliei.e.
Zero supersaturation)
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K surfacei growth rate

A Growth rate - v

O I=<n-< [I%:-W =|-.]v-

d i atomic layer thickness (= a for Kossel crystal)

A Growth rate i in function of the pressure

h. v ®=2a3)i atomic volume

A Growth rate i in function of the supersaturation- Wilson- Frenkel law

25.11.202 & 02.12.2024 Kinetic processes at surfaces



Wilson i Frenkel growth rate

A Growth rate v

O
V
X o 8 IV
U
This is the upper bound for crystal growth velocity at:
i/ 0 = 0.1
i/ p=1bar =10 N/m?
i/ T=298.15 K

iv/m=my,=28*1.66 * 16*" kg
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Adsorption i F surface (Kossel model)

A Atomic adsorption at F surface (atomically flat)

S A
e .
2 Liquid DERV)
Fface v/
Reaction coordinate
[E M

25.11.202 & 02.12.2024 Kinetic processes at surfaces



Adsorption i at flat (F) surface

A Adsorption i site attachment rateR._.

ZOE

{imy Gm

A Desorptioni detachment rateR ..

fae, h%w—).-P

A F surfacei vapori crystal equilibrium (zero supersaturation)i fluxes are
balancedl

s Ao s
L, _ - ®
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Adsorption 1 at flat (F) surface- equilibrium with the crystal (K face)

A F surfacei vapor in equilibrium with the crystal (K surface) i
fluxes are balanced

A Equilibrium with K face i flux and pressure

Tma h-°P ]

A Site occupation in equilibrium (zero supersaturation)with the crystal

and with vapor:
JL o P
YO g a W
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Flat surfacei surface diffusion and desorption

A Surface diffusion

A Surface diffusion coefficient depends on the jump barrier U:

T =|=_h'I’P
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Flat (F) surface- desorption

A Desorptioni detachment rateR ..

The latter dependence is described for Kossel crystal F surface
l.e.forEg.= .
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F surfacel surface diffusion length

A Surface diffusionlenght X,
surface residence timél

IS determined using

<( }> |Tv<>f ﬂ'vo\MO >

A Surface diffusion coefficient

Tvo » =|=_h,- ° Pi%]

A Surface diffusion length x, is

"“:_':"é My v

A Kossel crystal

+

®vor m®
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Surface diffusion’ chemical diffusion

nza) n@ n(z+a)

PN NP A Average density of adsorbed species
YN Y Y Y Y changes slowly in space:
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l.e. over the distance a the change is

~

IS B N small, and could be approximated by

f f * %\ CR ? linear term.

Z-a Y4 Z+ a

A The velocity of the jump of the species to theght and left is
00 » P =yeh O P
{0 40 ) 6 P $0 )
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Surface diffusion (chemical) Fick law

L)

’7

i )

A Effective flux is the difference of these jumps
P { 4‘
o d0O 0 B {0 Fo
4<
A Linear expansion gives %ﬁ e

or (Y= rvolat)

A General casd Fick law

AL
Byop» Tvor"vor [Tvol Jvo »

Cy, | COverage, i.e. fraction of sites that are occupied
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Adsorbate dynamics

A Mass conservation law (next lecturé derivation)

@ Dyo » =

A Mass source for unit of surface area i adsorption and desorption

balance
- by g,

A Adsorbate dynamics equation

Tvo » vo » I%-v I'.v
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Sourcesi adsorption and desorption

A Vapor mass sources are calculated using vapor supersaturati€i :

ClIT | 1 A
1 A
A Surface supersaturation, different from vapor supersaturation is;
. . L L
q YO " VO ng A YO > VO ng A
_ JC
VO ng A MYO wg A
A Adsorbate density: N
. ‘LJL Mo »
vo» Birvo s T

A The effective source (i.e. from the vapor) is:

= hmy gy
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Adsorbate dynamics- sources

A Laplace term is:

AL ) AL d
Tvo »Nve » ‘|rv<> - TYOoTVO g A

\'A \'A

. AL
Tvo » vO » |Tv<>{> Mvoe »

A Vapor mass source is:

. Qv o g a
\ 4
W\ o »
A Desorption escape is
1
h.J||r'v<> > 7O g A
y me N
\4 W\ »
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Adsorbate dynamics- sources

A The basic equation is:

Tvotbvo maQ Oy m Yo » A arvo g Yo »
v v v

A Transferred to:

MTvo >C|
— d
Wo » Iy

A The fundamental equation is:

°yo»d d Cl”_
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Vicinal (V) surfacesi steps and terraces

Surfaces consisting of steps and flat areas between (terraces) we call vicinal surfaces

A The fundamental equation is governing adsorbate dynamics at terraces:

°vo»d ad O

A Stepsi boundary conditions?
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Energy of the steps

A Atom row escape- creation of two steps
A Atom escape- two bonds are broken
A Step energy in a distancé half of the bond energy
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