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What’s optical vortex laser?

Optical Vortex Laser Ablation
Chiral ‘Nano’needle fabrication

High power vortex laser technologies
Frequency extension of vortex laser

Summary
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Orbital and spin angular momenta



Total angular momentum J
J = L + S

J=2
J = L - S

J=0

Orbital + axial



Super resolution microscope

T. Watanabe,, T. Omatsu,,,
Optics Express 11 (2003) 3271-3276 

S. Hell’s group
Optics Express, 16 (2008) 

4154-4162 
Spatial resolution ~20nm



Laser ablation
Pulse shaping  (Ultra-fast laser technology)

- 3dimensional micro fabrication
- multi-photon ionization

New parameter
Angular momentum
Dynamics control of melted (or vaporized) matters 



1m nanosecond vortex laser ablation

0.3m
>10m

60m

LSM image

Average height 11m, Average diameter  0.3m
100kHz PRF ⇒ 25,000 needles / second

Ultrahigh-speed fabrication
STM, AFM, Plasmonics, Metamaterials, Bio-MEMS

Hamazaki, Morita,, Omatsu, Optics Express, 18 (2010) 2144-2151.
Omatsu et al., Optics Express, 18 (2010) 17967-17973



Helicity of optical vortex
Clockwise Anti-clockwise

Chemistry, Physics, Material Science,,,,



Basic setup for optical vortex laser ablation
Metal(Ta)

Q-switched 
Nd:YAG laser
1.06m
0.1-0.5mJ 20ns
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Chiral Metal Nanoneedle

5 µm5µm

field emission electrode・nanocoil・metamaterials・plasmonics
・bio-MEMS

Toyoda, Miyamoto, Aoki, Morita, Omatsu, Nano Letters 12, 3645−3649  (2012) 

70nm@NA0.08 (36nm@NA0.15)

10m



Electric properties

36nm
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Modeling
Vortex beam Melting Needle

Gradient force
& Angular momentum

Scattering force
& Angular momentum



Angular momentum density
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Review of vortex lasers

Oron et.al. APL 74 (2001) 1373.   LG(???)

Annular beam pumpingHolographic elements

L2

M2 (R=85%)

Nd:YVO4

M1 (HR)

Pump Diode
(50W@808nm)

CLDL1

J.-F. Bisson et.al. Laser Phys. Lett. 2, 
(2005) 327 

M. Okida,, T. Omatsu, Opt. Express, 15, (2007) 7616
M. Okida, T. Omatsu,, R. Morita, Applied Physics B (2009) 69
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High power vortex fiber laser

CW-ML or Q-SWNd:YVO4  

1064.4nm

NA=0.06
30μmφ/400μmφ

Yb Double-clad 
Fiber amplifier

DM

Pumping LD

975nm

Output

400μmD

3m

Off-axis 
coupling

Stress



Laser performances

Tanaka,, Omatsu, 
Opt. Express 17 (2009) 14362–14366.

Koyama,,, Omatsu,
Opt. Express 19 (2011) 14420-14425.

Koyama,,, Omatsu,
Opt. Express 19 (2011)  2994-2999.
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How to divide a topological charge of pump 
photon into two photons?

Charge shearing
Selective charge transfer   

1m Q-sw Nd:YAG 40ns
ωp(l=1)

KTP (30mm)
( ωp= ωs+ ωi)

Miyamoto,,,,,, Omatsu, Optics Express, 19, (2011) 12220-12226.
Yusufu,,, Miyamoto, Omatsu, Optics Express, 20, (2012) 23666-23675

Optical parametric down conversion
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ωs(L=1 )

ωi(L=0 )

ωs(l=0.5 )

ωi(l=0.5)



Vortex pumped OPO

Signal

Idler

m = 2

m = 1

Idler wavelength (nm)
2327    2273   2223  2178  2136  2096



Summary
‘Nano’-processing based on optical vortex laser ablation

Chiral nano-needle diameter <50nm Height >10m
2 dimensional nano-needle array 

AFM, STM, Bio-MEMS, Plasmonics, Metamaterials
New aspect of photonics & laser physics

Vortex solid-state lasers
15W (CW, Q-switched)

Vortex fiber lasers
40W (ps),  25W (ns)
SHG 1.5W, 2m ~2mJ

Further power scaling up to 100W  
Further frequency extension to UV and MIR regions 


