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Introduction

Our aim: Solution:
Laser mirror at ». = 1064nm Combination of metal film and
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Growth technique:
Dual ion beam deposition
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Dual ion beam deposition (DIBD): Setup

RF-Ion beam source II

(Assist source)

Ion energy up to 2 keV
Ion current controlled by pulse length modulation (PLM)

Target holder (4 targets)

‘Ir 17
. e .
Ellipsometer gt Ellipsometer
unit unit
L ———
RF-Ion beam source I Substrate L O, supply
(rotatable)

(Sputter source)
Ion energy up to 2 keV

M. Zeuner, F. Scholze, B. Dathe, H. Neumann, Surf. Coat. Tech. 142-144 (2001) 39-48.
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Single layers: Film stress

without ion bombardment

Talk Muhlleiten 2007
I.-M. Eichentopf et al.

Verspannung optischer
dinner Schichten
abgeschieden mit DIBD,,

0"///'/'I'"I"'I"'I"'I"'I'
' ' Stress relaxation b
-100 |- + ) { 2 ? - . Y
_ S - energetic ion
-200 - * 1 bombardment
300 ® -
| TiO, In.cre.asmg s_tres.s relaxation
-400 - ! with increasing ion energy
0 oy A Xe e
L ® Ar
|
=200 F 1 |
|
L | .
400} 1 + g . § o o
|
. A A A
-600 |- ! A 4 A _
. ]
. ,Variation d
-800 - # SlOz ariation aer
L i |
_1000 M| .///./ P TR TR S [N SN SR N A TR SO T Y SR MUY TR NN ST S N
0 ' 600 800 1000 1200 1400 1600
Beam,2 [V]
Leibniz-Institut XV. Erfahrungsaustausch,

fur Oberflachenmodifizierung e.V. Muhlleithen, 04.-06.Marz 2008




Single layers: Optical properties

Variation of ion energy of ion source II (Xe ion bombardment)
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Simulation: Mirror structure without metal layer

Simulated reflectivity spectra

without/with ion bombardment

- reflectivity band gets
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- reflectivity maximum
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Simulation: Mirror structure with metal layer
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without ion
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Simulated reflectivity spectra
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Simulation: Reflectivity maximum
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Simulation: Optimized thicknesses of mirror structure

Optimized layer thickness

for reflectivity maximum at normal incidence Nd i
at % = 1064 nm (no absorbtion): - A
Ion bom- TiO, Sio . .
Metal | barment buffer 1st Iailer o, =185
Tio ~N Ag no 20 133.9 113.3 180.4
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1 1! (@
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Tio, Al no . 163.2 113.3 180.4
>10; yes - 160.0 | 122.7 | 181.7
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Metal - no - 180.4 113.3 180.4
yes - 181.7 122.7 181.7
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Simulation: Effect of thickness deviations on R

Deviation of thickness
from optimized thickness

SiO,: dy £ AX
TiO,: d, = Ay

Tio, )
SiO, %)
L L S
1 1! Q.
| c Ny
T'_02 -16 -12 -8 -4 0 4 8 12 16 20
SiO, AX [nm]
TiO, (20 nm)
Metal
Thickness deviation of £ 10 nm reduces
reflectivity at A = 1064 nm by 0.001
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Ellipsometry analysis
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Ellipsometry analysis

What's the reason for the | | | | | |
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Ellipsometry analysis
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Reflectivity

Reflectivity calculated from
optical constants and thicknesses
obtained by ellipsometry analysis
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Experimental results of mirror stacks with Ag

Reflectivity

Stress

Model 1-Bragg- 2-Bragg- 3-Bragg-
thickness pair pairs pairs
TiO,-Buffer 20 nm 15.9 nm 16.2 nm 18.9 nm
SiO, I 135 nm 140.4 nm 143.2 nm 142.7 nm
TiO, I 115 nm 120.1 nm 112.6 nm 111.5 nm
Sio, II 180 nm - 203.1 nm 187.4 nm
TiO, II 115 nm - 109.5 nm 119.4 nm
Sio, III 180 nm - - 179.2 nm
TiO, III 115 nm - - 115.2 nm
RatA=1064 nm
Real stack 0.990 0.994 0.996
Model stack 0.992 0.997 0.999
Multilayers without ion bombardment: -550 ... -700 MPa
Multilayers with ion bombardment: -150 ... -250 MPa
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Summary

Results:

- Model of mirror stack structure with optimized reflectivity at target
wavelength based on results of properties of single layers

- Deposition of mirrors stacks by DIBD
- Ellipsometry characterization reveals absorption within dielectric layers
- Reflectivity losses due to absorption

- Stress relaxation in mirror structures grown with assisting ion beam
(factor of 3 lower stress)

Tasks:
- Reduction of absorption within dielectric layers by optimization of

growth process
B —
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