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Improved ITO laser resistance by imbedding within a Fabry-Perot filter

Christopher J. Stolz (LLNL, USA) & Anna Sytchkova (ENEA, Italy)

Introduction

ITO has alow LIDT due to laser absorption
of the free carriers

A multilayer Fabry-Perot (F-P) filter both simultaneously has high
transmission with low electric field positions within the coating
Embedding ITO into an electric field minimum reduces the effective
absorption by over an order of magnitude

* The proper F-P filter spectral bandwidth is a compromise between reduced

F-P filter (with ITO) electric field

& abs. vs. spectral bandwidth

effective absorption and higher resonant electric fields

spectral bandwidth [Ref 1]

F-P filter (non ITO) LIDT vs.

40

Standing wave electric field profiles

F-P filter with embedded ITO at 41° “S” pol.
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» Fabry-Perot filter was designed at oblique incidence (41°) to enable
angle tuning for this proof of concept
» Spectral bandwidth was 14 nm (*S” pol.) and 36 nm (“P” pol.)

1. C.J. Stolz, M. Caputo, A. J. Griffin, and M. D. Thomas, “1064-nm Fabry-Perot Transmission
Filter Laser Damage Competition” in Laser-Induced Damage in Optical Materials: 2014, G. J.
Exarhos, V. E. Gruzdev, J. A. Menapace, D. Ristau, and M. J. Soileau, eds., Proc. SPIE 9237
92370N-1-6 (2014).

Fabry-Perot filter fabrication

* Magnetron r.f. sputtering in an Ar atmosphere

* H = Hafnia (99.9% pure target excl. Zn) at 400 W (1% inlet of O,)

» L = Silica (99.995% pure target) at 400 W (No O,)

* M=1ITO (In,04:Sn0O 10 st%, 99.99% pure) at 220 W (No O,) [Ref. 2]

» Sample 1: Fabry-Perot filter

20 layers with 10 nm of imbedded
ITO

Substrate/ (HL)*4 0.963H
(0.072M) 1.972L H(LH)"4) /Air

» Sample 2: 10 nm thick single ITO
layer

Film resistivity: 1.7x10% Q cm

Transmission 96.2% “P” 98.7% “S”

2. A. K. Sytchkova, M.L. Grilli, S. Boycheva and A. Piegari, “Optical, electrical, structural and
microstructural characteristics of r.f. sputtered ITO films developed for art protection
coatings”, Applied Physics A — Matter, A 89 (2007), 63-72.
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F-P filter with embedded ITO at 41° “P” pol.
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Results

Laser damage testing reveals the Fabry-Perot
approach increases the survivability fluence of ITO

Laser damage probability at 1064 nm (1000 shots)
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Electric field impact can be studied by testing at both polarizations

Theoretical transmission and absorption

Single normal incidence ITO layer versus a 41 degree

incidence F-P filter with embedded ITO
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Exploitation of polarization-induced differences reveals the impact
of absorption on the laser-induced damage threshold

National Ignition Facility ¢ Lawrence Livermore National Laboratory « Operated by the US Department of Energy
This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344.

* 650 um = 30 um 1/e? diameter beam diameter

* 10 sites per fluence spaced 2 mm apart

» 1,000 shots at 10 Hz

* Visual damage detection with optical microscopy

Conclusions

* Imbedding an ITO layer within a Fabry-Perot filter
significantly reduces the electric field within the ITO layer

* The Fabry Perot filter design is a compromise between
reduced effective absorption and higher resonant electric
fields

» Laser resistance is improved by imbedding an ITO layer

» Part of the improvement is due to incident angle differences
(scales as the projected angle)

» Coating non-uniformity and defects should be studied in
more depth to better understand laser damage results
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A Fabry Perot filter design has simultaneous high

transmission and low electric field regions

F-P filter with embedded ITO at 41° “S” pol.
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The Fabry Perot filter is a compromise between low
effective absoprtion and high resonant electric fields

F-P filter (with ITO) electric field &

F-P filter (non ITO) LIDT vs. spectral
bandwidth [Ref 1]
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1. C.J. Stolz, M. Caputo, A. J. Griffin, and M. D. Thomas, “1064-nm Fabry-Perot Transmission Filter Laser Damage
Competition” in Laser-Induced Damage in Optical Materials: 2014, G. J. Exarhos, V. E. Gruzdev, J. A. Menapace, D.
Ristau, and M. J. Soileau, eds., Proc. SPIE 9237 92370N-1-6 (2014).
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Imbedded ITO layer at “S” polarization has an effective
reduced absorption greater than 10x

Single normal incidence ITO layer versus a 41 degree incidence

F-P filter with embedded ITO

100 P
................................................. ’....~\............................
90 | ====Fabry Perot P-Trans. (%) 7\
30 | = Fabry Perot S-Trans. (%) K4 /\ \\.
| wmee Transmittance (%) ’ / \ \\
S 70 | ——=Fabry Perot P-Abs. (%) \
g 60 | - Fabry Perot S-Abs. (%) / \ \\,
= || eeee. ITO only Abs. (%) \
8 50 / \
& 40
C
T 30
|_
20
10
O ; | | | | | | | | |
1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100
Wavelength (nm)

Absprption (%)

@ Lawrence Livermore National Laboratory

(sfak
NYSE s
=q
National Nuclear Security Administration



The coatings were manufactured with magnetronr. f.
sputtering

* Magnetron r.f. sputtering in an Ar* atmosphere

* H = Hafnia (99.9% pure target excl. Zn) at 400 W (1% inlet of O,)

L = Silica (99.995% pure target) at 400 W (No O,)

*M =1ITO (In,05:SN0O 10 st%, 99.99% pure) at 220 W (No O,) [Ref. 2]

« Sample 1. Fabry-Perot filter
20 layers with 10 nm of imbedded ITO

Substrate/ (HL)*4 0.963H (0.072M)
1.972L H(LH)™4) /Air

94.8% transmission
« Sample 2: 10 nm thick single ITO layer
3.5 kOhm (2 pt. Probe)

2. A. K. Sytchkova, M.L. Grilli, S. Boycheva and A. Piegari, “Optical, electrical, structural and microstructural
characteristics of r.f. sputtered ITO films developed for art protection coatings”, Applied Physics A — Matter, A 89
(2007), 63-72.
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Laser damage testing reveals the Fabry-Perot
approach increases the survivability fluence
of ITO

Laser damage probability at 1064 nm (1000 shots)
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