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lon beam smoothing of Si surfaces

15 nm

t =10 min

0 nm

t =180 min

Rq =0.70 nm

Art, i, = 500 eV, ay, = 45°,
Jion = 300 MAcm2, rotation R,<0.2 nm
q<0.
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|dentification of atomistic processes by PSD analysis

ﬂh%’t) = SK2h(r 1) - DRI*h(r 1) +h(r 1)

with

(h(r,t))=0
and

(h(r,Hh(r ¢t9) = Ad(r - r 9d(t - t9
ug.
A L

= !+

if R, >0: |h(q,t® ¥) ® Ri

q

PSD ... power spectral density
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|dentification of atomistic processes by PSD analysis
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>~ g~ curvature dependent surface relaxation ?

PSD(f,t ® ¥) = SA
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Curvature dependent relaxation

1. Curvature dependent sputtering:

S - Jllil—naY (aion )[Gi(aion) + Gé(aion )] (: ER ’ a[q(aion) + Gé(aion )]) < O fur aion < 500

2. ballistic drift*:

Atomistic drift parallel to the surface caused by momentum transfer (g, > 09

on

surface

* G. Carter, PRB 1996, Vacuum 1998
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Curvature dependent relaxation

1. Curvature dependent sputtering:

S - Jllil—naY (aion )[Gi(aion) + Gé(aion )] (: ER ’ a[q(aion) + Gé(aion )]) < O fur aion < 50 °

2. ballistic drift*:

Atomistic drift parallel to the surface caused by momentum transfer (g, > 09

on

F(S) = o COS(ay, - O)f (E)d sin(a,, - 9)

on

S :J|i\|if (E)d cos(2a )

lon

3. Curvature dependent relaxation:

S = Jll\li[f (E)d cos(2a,,,) +aY (a,,)G, (@, )]

* G. Carter, PRB 1996, Vacuum 1998
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Curvature dependent relaxation: Importance of a,

(@) = L2 [ (E)(d) c05(2a,,,) + 3@V (00 G ()]

PSD(q,t) =PSD, "~ exp { Sq 2t} s AL exg(g—ZSq Zt}

Relaxation time: T, = 1/Sq? ~ 1/cos(2 a,.,,)
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Curvature dependent relaxation: Importance of a.

ion
10 | | ! | | | | |
g &%" 6 a &7 °
T 6f _
c
—~ 4F ]
2 . -
N
0 L1 1 1 1 1 1 1 1 1 1 1 1
0 0 20 30 40 50 60
10 | | | | ' | | |
8| &%" 6 a & %7 _
T 6L _
C -
—~ 4r -
x® 2le -
| ®o____ _
O ] 1 * 1 | 1 [ 1 i I i T t
0 10 20 30 40 50 60

smoothing time [min]

Leibniz-Institut fur
Oberflachenmodifizierung e. V.




Curvature dependent relaxation: Importance of a.

ion
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Where does the hole meshwork come from?

Si, Art, E._.. =500 eV

ion

Qo = 45°

15 nm

What makes the difference?
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The flux redistribution model*

thermal reemission

U

uniform reemission

9 gyd “'|e 18 Je10iQx

%’ / specular reemission

@
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Flux redistribution and ion beam erosion

Potential ,redistribution mechanisms* during sputtering:

e Sputtering of target atoms

» Reflection/backscattering of projectile ions
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Angular distributon of sputtered Si particles: 500 eV Ar*

. . . dy
differential sputter yield: ——
dEdW
E=0... E . Eg > 20 eV
polarangleq —>" O a &"7

%

Simulation TRIM.SP: 10 Art / Si
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Energy distributon of sputtered Si particles

Energy distribution of sputtered Si atoms for polar emission angles of 75°- 90°

/ \ / \

q= 758 90° q=75"90°
T T T T T 3 " E T T T T T T T
— & %6 3
— & "™ 6
& %" 6
N N
L
""" ( " (
2 o061 - 2 061

Simulation TRIM.SP: 10 Art / Si
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Energy distributon of sputtered Si particles

Energy distribution of sputtered Si atoms for polar emission angles of 0°- 18°

q=0°-18° q=0°-18°
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Simulation TRIM.SP: 10 Art / Si
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Average energy of sputtered Si atoms vs. polar angle g
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Simulation TRIM.SP: 10 Art / Si
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Sputtered Si vs. backscattered Ar: Energy balance

E.., = 500 eV (total energy = 500 ~ 10° eV)
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Simulation TRIM.SP: 10 Art / Si
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Effect of ion species

E.,=500eV, a,,=0%t=20 min

5nm
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Summary

 High energy secondary patrticles (i.e., sputtered target atoms and
backscattered projectile ions) are important for the developing surface
topography.

« The emergence of hole meshworks during ion beam erosion is characteristic
for the lack of ,high energy* particles.

 Due to the involvement of high energy particles nonlocal models are
required to understand the topography evolution by ion beam erosion.

surface
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