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Introduction

TiO, Material Properties

Large ultrafast nonlinearity: 30 x silica
High index of refraction: 2.5

Wide bandgap: 3.1 eV
Low two-photon absorption: = 800 nm

Several polymorphs:
Rutile, Anatase, Brookite and Amorphous
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Nonlinear refraction (n, at 800 nm)
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high nonlinearity # working device

Full modulation requires at least

a 2n nonlinear phase shift

n, n, 1y

—>1 —>1

LA al
two-photon one-photon
absorption absorption

figure of merit figure of merit



Introduction

high nonlinearity # working device

Full modulation requires at least

a 2n nonlinear phase shift
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Experimental

Single crystal rutile samples:

Floating-zone method
1-mm thick
Two-cuts:
(001)-cut, E1lc only
(100)-cut, ELcand Ellc




Experimental

Experimental setup

Ti: Sapphire Laser Stretcher/compressor Regenerative Amplifier
800 nm, 50 fs »
76 MHz, 5 nJ (spectral filtering)

Lens

Sample
Open-
T — aperture
Spatial Li
patia 1/2 inear 7 stage

Filter waveplate Polarizer

Reference



Experimental

Laser Parameters

Ao 2hw AA T
(nm) (eV) (nm) (fs)
774 3.20 4 290
813 3.05 10 174

300 3.10 30 50




Experimental

Laser Parameters

Ao M? Wi/ Wyo ) e
(nm) (GW/mm®)
774 <1.13 0.78 0.21
813 <1.18 0.92 0.32

800 < 1.06 0.95 1.04
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Open aperture Z-scan of rutile
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Open aperture Z-scan of rutile
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Experimental

Open aperture Z-scan of rutile
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Experimental

Open aperture Z-scan of rutile

normalized transmittance
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Modeling

Open aperture Z-scan of rutile
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Open aperture Z-scan of rutile
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Open aperture Z-scan of rutile
0.05 | | | |
5
0.04 — —
&
— 0.03 - —
=
< 0.02 _
- - 2-photon fit
0.01 —
=
0 I I I I
0 0.25 0.50 0.75 1.00 1.25

peak on-axis intensity (GW/mm?)



Modeling

Open aperture Z-scan of rutile
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Open aperture Z-scan of rutile
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Mixed multiphoton model

[in[xayaZ,P(f)]: 2P(t) 2x? 27 }
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Open aperture Z-scan of rutile
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Open aperture Z-scan of rutile
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Fitting method
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Fitting method
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Fitting Results

extraordinary polarization (£ || ¢)

Ao 2hw b Y
(nm) (eV) (mm/GW) (mm>/GW?)
774 3.20 0.89 1.8
813 3.05 <10’ 0.9

+15% factor of 2

We can see the indirect bandgap at 3.1 eV
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Fitting Results

ordinary polarization (£ L ¢)

Ao 2ho p Y
(nm) (eV) (Mm/GW) (mm*/GW?)
774 3.20 0.54 1.1
813 3.05 0.08 0.8

+15% factor of 2

Direct forbidden bandgap at 3.062 eV

K. Watanabe and K. Inoue, Phys. Rev. B 41, 7957-7960 (1990).



Fitting Results

extraordinary polarization (£ || ¢)

Ao 2hw b y n,
(nm) (eV) (mm/GW) (mm>/GW?) pA
774 3.20 0.89 1.8 1.1
813 3.05 <10~ 0.9 >10°

+15% factor of 2



Fitting Results

ordinary polarization (£ L ¢)

Ao 2hw b y n,
(nm) eV) (mm/GW) (mm*/GW?) 2
774 3.20 0.54 1.1 1.9
813 3.05 0.08 0.8 12.1

+15% factor of 2



Fitting Results

extraordinary polarization (£ || ¢)

Ao 2hw b y n, r
3 2 IBX’ 2
(nm) (eV) (mm/GW) (mm”/GW~?) (GW/mm?)
774 3.20 0.89 1.8 1.1 0.57
813 3.05 <107’ 0.9 >10° 1.10

+15% factor of 2



Fitting Results

ordinary polarization (£ L ¢)

Ao 2he B y 7 e
3 2 :Bﬂ* 2
(nm) (eV) (mm/GW) (mm”/GW~?) (GW/mm?)
774 3.20 0.54 1.1 1.9 0.93
813 3.05 0.08 0.8 12.1 1.20

+15% factor of 2



Conclusions

Two- and three-photon absorption in rutile
Two-photon absorption is below 1 mm/GW
Three-photon absorption is below 2 mm?3/GW?

Negligible 2PA at 813 nm for Ellc



Conclusions

Two-photon figures of merit greater than 12
for A,>813 nm.

Three-photon absorption limits peak intensity
to ~0.50 GW/mm>.

Rutile is a promising for all-optical switching
for wavelengths greater than 800 nm.
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