
SNUPLFESLL&D UBC, 2016

Polarization issues in nanophotonic devices

Jeff F. Young
Department of Physics and Astronomy, 
Advanced Materials and Process Engineering Laboratory,
Stuewart Blusson Quantum Matter Institute
University of British Columbia, Vancouver, Canada



SNUPLFESLL&D UBC, 2016

The Team
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Motivation for our nanophotonics program

3http://www.quantum‐munich.de/media/higgs‐near‐absolute‐zero/
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Motivation (con’t)
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~ 100 m

~ 1 mm

~ 200 mm
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 Single and/or Entangled Photon Sources
• Heralded
• On‐demand

 Single photon Detectors
• High efficiency
• Low dark counts
• fast

Key Elements that Need to be Integrable
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Superconducting Nanowire Single Photon Detectors
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IBias
IBias

V = 0

 NbN, NbTiN, Nb
 Few nm Thick
 About 100nm Wide

V ≠ 0

IBias

hν

Typical Meandering Implementation:
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Concept for integration & enahanced performance: 

Ideally: τMIRROR = τABS  PABS = PINCIDENT

1000nm

Practically: QMIRROR = QABS<<QSCAT      Q ≅ 0.5QABS=0.5QMIRROR
 PABS ≅ PINCIDENT

Partial Mirror Perfect Mirror

Cavity Mode
Nanowire as Absorber
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Realization:
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1000nm

200nm

IBiashν

Si

SiO2

SOI Waveguide
W=500nm, H=190nm

Superconducting Nanowire

Nanobeam Cavity
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Characterization ‐ Results:

At 2.05K and 0.9IC:

Efficiencies vs wavelength 

Photon Count Rate (PCR)
Background Count Rate (BCR)
Rate of incident photons(RPh)

QEηC = (PCR‐DCR)/RPh

ηC

CPA

No Cavity 

Design

Nature Communications, 6:2041-1723 (2015)
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Characterization ‐ Results:

CPA
At 2.05K and peak efficiency wavelength:

For CPA detectors
Saturate to 104% and 99%
At 0.9IC: 102±8% and 97±8%
At 0.9IC: DCR=0.1Hz

For 57.2um no cavity
Saturate to 92%
At 0.9IC: ~82%
At 0.9IC: DCR=1.1Hz

57.2um 
No Cavity
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Characterization ‐ Results:

Electronic Jitter:
2.355σn/K=53ps

53ps >> ~15ps >> 0.23ps

Estimated jitter > 53ps

Intrinsic Jitter?
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Polarization dynamics
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Image: MIT Lincoln Labs

Propagation to readout 
circuit
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 Microscopic basis for  used in absorption calculations of 8 nm 
x 35 nm etched superconductor

 Polarization dynamics associated with spreading hot spot, 
phase transition, and propagation to circuit

Issues
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On‐Demand Single Photon Source
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Implementation in Silicon Circuit
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Opt. Exp. 20, 10453, (2012)



SNUPLFESLL&D UBC, 2016

Antinode structure
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Complex dielectric environment

17



SNUPLFESLL&D UBC, 2016

Key Factors
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y

z
Slab photonic crystal

Backing silicon

HeNe 
excitation

y

x

3 nm 
above 

surface of 
L3 cavity 

QD array in air

Ein(QD array in air)
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ =  3.5
Ein(single QD in solution)

QD in solution Eout

Eout

3*Eout
Ein =  ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

2+ƐQD/Ɛsolution

QD in air Eout

Eout

3*Eout
Ein =  ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

2+ƐQD/Ɛair

3*Eout
Ein =  ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

2+ƐQD/Ɛarray

Driving Field Strength
• strong scattering
• ~ 0.1 Einc2

Depolarization   
(NP~ 20 + 20i)

Effective oscillator 
strength referenced to 
absolute absorption in 
solution:

Side View Top View

Eout

Eout

I. Moreels et al., AC Nano (2009).
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The emitters
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Excitonic transitions (theory)
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Voznyy, Hawrylak
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None consistent with experiment(s)
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Phys. Rev. B 89, 045139 (2014)
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Cavity‐coupled No cavity No cavity

Purcell enhancement
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 Accurate local field calculations (non‐resonant response) for 
high  ~ 5 nm nanoparticle ensembles in photonic circuits

 Accurate bandstructure, oscillator strength and exciton spectra 
of same (resonant response)

Issues
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