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5 kV Ar-ion hitting Ni (001) surface MD simulation

Kai Nordlund http://www.acclab.helsinki.fi/~knordlun/anims.html

5 keV Ar -> Ni (001), theta=75, phi=27, tilted top view
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Sputtering yield Y

Y = (outgoing sputtered atoms),,./(incoming ic?:r

FIG. 7. Sputtering yield Y versus target particle mass M
Target for sputtering with Xe ions [panel (a), Ref. 60], Ar
ions [panel (b), Ref. 64], Ne ions [panel (c), Ref. 64], or He
ions [panel (d), Ref. 60]. E lon =600 eVand a=0 ° . The
vertical lines mark the primary ion mass M lon. Please
note the different scales. Modified after Ref. 20.
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Sigmund Theory

Y — '30‘4M ML E Good for low energy (<lkeV)
47 (M, +M,) Uy

where:

o 18 a function of M(target)/M(ion) and
incident angle 0.1>a >1.4

but often has a valueof 0.2-0.4

M11s the Mass of the 1on

M2 1s the mass of the target

E 1s1incident 1on energy

Us 1s the binding energy of the target ions
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FIG. 14. Schematic drawing of an IBSD setup. Reproduced with permission from Bundesmann et al., Thin Solid Films 589, 487 (2015). Copyright 2015 Elsevier.
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FIG. 18. Measured energy distributions of sputtered target ions (g9 Ag (Xe—> Ag) (h) Xe (Xe—> Ag)
[panels (a), (c), (e), and (g)] and scattered primary ions [panels (b), 1044
(d), (f), and (h)] in dependence on the scattering angle y for the _ _
bombardment of an Ag target with Ar ions [panels (a)—(f)] or Xe ions 1 03_ Elon_ 1000 eV Elon— 1000 ev
[panels (g) and (h)]. The data are shown for different sets of process o =30° o = 30°
parameters ( E lon, a). The same line color represents the same
scattering angle y (but not necessarily the same scattering angle B). ’IO2 1
Reproduced with permission from Bundesmann et al., Contrib.
Plasma Phys. 55, 737 (2015). Copyright 2015 Wiley-VCH. 10"+
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Examples of calculated angular distributions according to Eq. (9) [panel (a)] or
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Sputter yield angle dependence

K W poiycryst Gurmin et al 1969

p Omax IS A FUNCTION OF:
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Fraction of Ar sputter ions remain in film (and target)
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FIG. 21. Atomic fraction x of process
gas particles versus scattering angle
y inside Ge thin films [panels (a) and
(b)], TiO 2 thin films [panels (c)—(f)],
and SiO 2 thin films [panels (g) and
(h)] grown by (reactive) IBSD using Ar
ions (blue symbols) or Xe ions (red
symbols) and a metallic target (open
symbols) or a ceramic target (closed
symbols). Symbols of the same
shape represent the same set of
process parameters ( E lon, a). Please
note the different scales. Reproduced
with permission from Bundesmann et
al., Thin Solid Films 589, 487 (2015)
Copyright 2015 Elsevier (Ge films);
Bundesmann et al., Appl. Surf. Sci.

421, 331 (2017). Copyright 2017 L 4t
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* Film growth mechanisms
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PVD (Physical Vapour Deposition)
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Carbon thin films growth MD simulation
50 eV
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PVD growth process

*lon energy E; 10 - 1000 eV

= Surface temperature -190° C -500° C (normally <
200° C)

* Incidence angle
* lon density
= Gas pressure

= Substrate surface

- Chemistry
- Impurities
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Coating structure and plasma parameters
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Coating structure and plasma parameters
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Coating structure and
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Subplantation
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Competition of growing crystals

Handbook of Deposition Technologies for Films and Coatings - Science, Applications and Technology (3rd
Edition)
Edited by: Martin, Peter M. © 2010 William Andrew Publishing Zone lc gl‘OMh

Figure 5.21: Schematic comparison between zone Ic and zone T growth. To indicate the identical
normal growth rate of the planes of both grains, alternating coloring is used. In zone T, an
overgrowth of one grain by an adjacent grain is observed.
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Subplantation, in amorphous carbon films
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Schematic diagram of densification by
subplantation. A fraction of the incident ions
penetrate the film and densify it, the remainder end
up on the surface to give thickness growth.

J. Robertson/Materials Science and Engineering R 37 (2002) 129-281
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Subplantation -> lon peening
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FIG. 4. (a) Previously accepted growth mechanism in ta-C and
(b) growth mechanism proposed in this Letter. (c) Average
increase in local mass density after ion impact (60 eV deposition;
see text for details). The star indicates the impact site.

............................................................................................. Miguel A. Caro, Volker L. Deringer,
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Subplantation and experiments -Carbon

sp3 fraction
®
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Comparison of calculated sp” fraction of ta-C according to
subplantation model (Eq. (16)), with experimental data

of Fallon et al. [17]. J. Robertson/Materials Science and Engineering R 37 (2002) 129-281
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Ta-C film growth molecular dynamic simulation,
Miguel Caro https://zenodo.org/record/1133425
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https://zenodo.org/record/1133425

lon bombardment

Effects to thin film properties:
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Stress Control
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Surface roughness i
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FIG. 22. Surface roughness o versus scattering
angle y of TiO 2 thin films [panel (a)] and SiO 2

thin films [panel (b)] grown by reactive IBSD 0.20 + : -
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lon beam nano roughening

*Enhanced adhesion
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Electrical resistivity ettt
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FIG. 20. Electrical resistivity p versus L - - o 4
average grain size of Ag thin films grown 4 Elon = 1500 eV, o = 30
by IBSD using Ar ions [panel (a)] or Xe - = = b -
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scales. The data are shown for different C: K |
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