
WelcomesYou!



What we do?
• Organize Incubators
• Webinars

(Quarterly, Featuring prominent speakers)

• Special Activities 
(@Conferences: Poster
Sessions, Dine & Discover,
Blogging) Poster session at CLEO  in San Jose (2016)



Where to find us?

http://www.osa.org/en-us/get_involved/technical_communities/ois/nanophotonics_(on)_(1)/



Creating a Community

@Nano_OSA

• Do you like to blog?
• Organize an event?
• Interact with colleagues?

facebook.com/nanophotonicsosa osa.org/communities
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Mode Volume: Microwave to Optics

Circuit QED Regime Photonic Crystals Microdisk
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Plasmonic modes aresub-diffraction but inherently lossy



What is the challenge?

Symmetric waveguide- No cut-off to lowest order mode

Evanescent waves spread out causing a fundamental limitation to mode volume



Relaxed Total Internal Reflection

S. Jahani and Z. Jacob “Transparent sub-diffraction optics: nanoscale light confinement without metal. Optica, 1(2), 96-100, (2014).S. Jahani and Z. Jacob. "LIGHT CONFINING DEVICES USING ALL-DIELECTRIC METAMATERIAL CLADDING." U.S. Patent No. 20,140,355,930, (2014).S. Jahani and Z. Jacob “Breakthroughs in photonics 2014: Relaxed total internal reflection,” IEEE Photonics Journal, 7(3), 1-5, (2015)S. Jahani and Z. Jacob “Photonic skin-depth engineering,” JOSA B 32 (7), 1346-1353 (2015)

Relaxed-TIR: Contrary to popular assumption, the necessary and sufficient 
condition for total internal reflection of TM modes is:

1 2xn nNew condition



Controlling the momentum  

of evanescent waves  

S. Jahani and Z. Jacob “Transparent sub-diffraction optics: nanoscale light confinement without metal. Optica, 1(2), 96-100, (2014).S. Jahani and Z. Jacob. "LIGHT CONFINING DEVICES USING ALL-DIELECTRIC METAMATERIAL CLADDING." U.S. Patent No. 20,140,355,930, (2014).S. Jahani and Z. Jacob “Breakthroughs in photonics 2014: Relaxed total internal reflection,” IEEE Photonics Journal, 7(3), 1-5, (2015)S. Jahani and Z. Jacob “Photonic skin-depth engineering,” JOSA B 32 (7), 1346-1353 (2015)

There is one degree of freedom to choose nz. We can 
control the momentum of the evanescent wave to 
decrease the skin depth if:



Extreme skin-depth waveguide

S. Jahani and Z. Jacob “Transparent sub-diffraction optics: nanoscale light confinement without metal. Optica, 1(2), 96-100, (2014).S. Jahani and Z. Jacob “Photonic skin-depth engineering,” JOSA B 32 (7), 1346-1353 (2015)



Better than vacuum?

Core average radius: 0.07λx-component of Electric FieldLowest order mode (HE11) – no cut-off
Mode areadecreases20 times !

S. Jahani & Z. Jacob, Nature Nanotech. 11, 23-36, (2016)S. Jahani & Z. Jacob, Optica 1(2), 96-100, (2014)

Material like silicon in one direction, likeair in the perpendiculardirection!

Extreme skin-depth waveguides



Need for All-Dielectric Metamaterials

S. Jahani and Z. Jacob “All-dielectric metamaterials,” Nature nanotechnology, 11, 23-36, (2016).  
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Practical realization

Reduce Index (  )

Increase Index (  )

Collaboration with Prof. R. Decorby, Prof. V. Van, Prof. L. Christowski (UBC)

 1d hy z        

 1
d h
dx h

        

Effective medium theory (EMT):







Experimental verification of relaxed-

total internal reflection

 
 

Collaboration with Prof. R. Decorby’s lab
Fabricated by Jonathan Atkinson

S. Jahani and Z. Jacob “Breakthroughs in photonics 2014: Relaxed total internal reflection,” IEEE Photonics Journal, 7(3), 1-5, (2015)S. Jahani et. al. “Experimental photonic skin-depth engineering on a silicon chip using all-dielectric metamaterials,” (Preparing to submit)



Practical e-skid waveguides

In ideal case, and In practical case, the cladding is Si/SiO2 multilayer with Si filling fraction of 0.5.

Mode area 
decreases 5 times!

1550nm 



Cross-talk reduction

S. Jahani and Z. Jacob “Transparent sub-diffraction optics: nanoscale light confinement without metal. Optica, 1(2), 96-100, (2014).Almeida, Vilson R., et al. "Guiding and confining light in void nanostructure."Optics letters 29.11 (2004).
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Waveguides on SOI platform

Collaboration with 
Prof. L. Chrostowski



Input

Output 1

Coupled waveguides

Waveguide termination

Experimental set-up to 

measure cross-talk
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S. Jahani et. al. “Experimental photonic skin-depth engineering on a silicon chip using all-dielectric metamaterials,” (in preparation)



Demonstration of reduced cross-talk
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S. Jahani et. al. “Experimental photonic skin-depth engineering on a silicon chip using all-dielectric metamaterials,” (in preparation)

Collaboration with Dr. Sangsik Kim and Prof. Minghao Qi (Purdue)



Our recent review

S. Jahani & Z. Jacob, Nature Nanotechnology 11, 23-36, (2016)
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Spin-Momentum Locking: Electrons

Topological Insulators: Bismuth SelenideQuantum spin-hall state: Mercury Cadmium Telleride quantum wells

Nat. Nanotechnology 9, 218 (2014)



Spin-Momentum Locking: Light
Cold atoms trapped near a nano-fiber

Emission in only one direction!
HE 11 modeP. Schneeweiss

Rauschenbeutel Group
(Dec 2014, Nat. Comm.)

Our claim: Fundamental origin of the above phenomena are properties of evanescent waves
Cappasso Group Zayats Group

See also:
G. Leuchs Group
Kuippers Group
Zheludev Group
Giessen Group
Lukin Group 



What is the origin? 2 recent independentinterpretations

Topology?

Causality!



Total Internal Reflection

Incident: TM or (p)-polarized, linearly polarized plane wave

Intrinsic phaseDifference: π/2  

Similar arguments for the magnetic fieldin case of (s)-polarized incident waves

Propagation(Real Momentum )

Decay(Imaginary Momentum)Evanescent waves



Intrinsic local polarization
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Stokes parameters in terms of the pauli matrices
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Electric Spin (p)-polarized wave

Magnetic Spin (s)-polarized wave See also work from : K. Bliokh (Japan), S. Barnett (U.K.) 

T. V. Mechelen & Z. Jacob, Optica 3 (2), 118-126 (2016)F. Kalhor & Z. Jacob Appl. Phys. Lett. 108, 061102 (2016)

Defined at a fixed point in space near the interface



New EM Triplet: Decay, Momentum, Spin

Re Imˆ | Re Im |
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IntrinsicPolarizationaxis Momentum Decay
Also valid for single photon in these modes

Evanescent Waves

Waveguides Optical Fibers

Surface Waves



Why is the locking universal?

(Label evanescent waves with transverse spin)
T. V. Mechelen & Z. Jacob, Optica 3 (2), 118-126 (2016)F. Kalhor & Z. Jacob Appl. Phys. Lett. 108, 061102 (2016)



Why is the locking universal?

(Label evanescent waves with transverse spin)


 (growth)

(phase propagation)

Spin

Growing evanescent wave(not allowed by causal boundaryconditions!)

ŝ

T. V. Mechelen & Z. Jacob, Optica 3 (2), 118-126 (2016)F. Kalhor & Z. Jacob Appl. Phys. Lett. 108, 061102 (2016)



Poincare sphere

3 1S   Comes from causality 
hence is fundamental for 
all evanescent waves !

Propagating Waves Evanescent Waves

(defined locally, generalization to evanescent waves)

T. V. Mechelen & Z. Jacob, Optica 3 (2), 118-126 (2016)F. Kalhor, & Z. Jacob Appl. Phys. Lett. 108, 061102 (2016)



Spin-momentum locked optical forces 

Scattered radiation

Kalhor, F., Thundat, T. & Jacob, Z. Universal spin-momentum locked optical forces. Applied Physics Letters 108, 061102 (2016).See also recent work on optical forces on chiral particles: Bliokh, Cappasso, Zayats, Barnett, C.T. Chan, Ebbesen

Force in unique transverse direction (explained by spin-momentum locking)

50 /

EMStress TensorCarries InformationAbout Spin-momentum locking

Unique lateral direction force (y-axis)Conventional optical force (x-axis)

Only occurs beyondthe TIR angle 



RECENT RESEARCH HIGHLIGHTS

www.zjresearchgroup.org

C. Cortes & Z. Jacob arXiv:1601.04013 (2016) [physics.atom-ph]

Y. Guo and Z. JacobOpt. Ex., Vol. 22, Issue 21, pp. 26193-26202 (2014)

Nature Communications 7, 11809, (2016)



SUMMARY
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T. V. Mechelen & Z. Jacob, Optica 3 (2), 118-126 (2016)F. Kalhor & Z. Jacob Appl. Phys. Lett. 108, 061102 (2016)
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S. Jahani & Z. Jacob, Nature Nanotech. 11, 23-36, (2016)S. Jahani & Z. Jacob, Optica 1(2), 96-100, (2014)


