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* Introduction
* Performance 1n presence of noise

* Full-Stokes polarimeters 1n silicon photonics
* Spectropolarimeter on a silicon chip
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Parallel processing of '
polarization & intensity Fiddler Crab

Samuel P. Smithers et al., SCIENCE ADVANCES, 2019.
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Polarization conveys some unique information
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Stokes polarimetry: measurement principle

Stokes project Intensity
parameter measurements
Io
[=W-S§
S=WT.]

W denotes the generalized
inverse of W
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Stokes polarimetry: influence of noise

rank (WT) = 4, full-Stokes vector can be reconstructed

s LWH 1

S'=WT.(I+AI AS = WT. Al
, , . |lAS]| | Condition number:
Al 1s Gaussian noise: — .

IS Minimum value V3

(Ws);y 0 0 0
Al is Poisson noise: r, _ [ DR (WS)E 0 0 )T
(AD? o 1 EQAS@S))=WF-| o 0w, 0 (W)

0 0 0 - (WS),

Polarization dependence
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Stokes polarimetry: optimal frame

Gaussian noise

K : condition number

Poisson noise:

Ay = E(AS(AS)T) max — E(AS(AS)T) min

Wi =W;3+W3+W;3 =

l l

Measurement frame:

wi = (Wp,Wiz,Wa)

A polyhedron can be built

UNIVERSITE [1] M. R. Foreman, A. Favaro, and A. Aiello, Physical review letters 115,263901 (2015).

I_AVAL Centre d'optique, wei.shi@gel.ulaval.ca
photonique et laser




Polarimeters in silicon photonics: why?

* Large * Compact
* Expensive * Low-cost
* Non-portable * Portable

* COMS-compatible
* Low power consumption
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Polarimeters in silicon photonics: how?
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Polarimeter with 6 photodetectors
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Polarimeter with 6 PDs: experiment
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Polarimeters with 4 PDs

The advantage of 6 intensity measurements to 4 intensity measurements:

Less photodetectors

Equally Weighted Variance (EWV):

Poisson noise:  EWVp,. = 105,

Gaussian noise: EWV 4, = 10N G,%

Number of intensity measurements
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4 PDs
Ay=0,k=\/§

Optimal performance
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Polarimeters with 4 PDs: design
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Polarimeters with 4 PDs: experiment
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Polarimeters with 4 photodetectors

Optimal General

—— [nput SoPs —s— Measured SoPs

—— Input SoPs —— Measured SoPs
1]

0 20 40 S6x?mplc 80 100 120 0 2'0 4‘0 6'0 30 "‘)0 N 20
Sample
& Do k>3 Ay >0
K= Yy = 1
l» 05 \\
50 Root-mean-square=0.081 b Root-mean-square=0.147

UNIVERSITE [1] Wei Shi, et al. APL Photonics 4.10 (2019): 100806.

COPL 10¢
LA\/AL Centre d'optique, wei.shi@gel.ulaval.ca

photonique et laser

15



Spectropolarimeter
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Integrated spectrometers

Fourier transform AWG Spatial heterodyne Digital FTS
spectrometers spectrometers FTS

array of waveguides
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Spectropolarimeter : designh of spectrometer
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Spectropolarimeter : design of spectrometer

SPS PA Si-DMRS
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Spectropolarimeter : prototype

(a)

(b) SPS PA Si-DMRS
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Calibration of the spectrometer
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Performance of the spectrometer
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Characterization of a chiral material

(a) _ (b) Bench-top SPieeesesS eovees S, eeceeed
; Light Input On-chip SP: ——S S, S,
-
< 1.0 Resonant Range Non-resonant Range
v —
— § I seees
i = 0.5 -
o I
5 I
g 00- "‘IOooooo
Z ,  yees
2 3 "'|'
/ N -0.5- I ' ) I
—— = 1
E ; ;
. 8 7 I I
Light Output 1.51 1.52 1.53 1.54 1.55 1.56 1.57 1.58 1.59 1.60

Wavelength (um)

A M R e s - . QL .
UNIVERSITE [1] Wei Shi, et al. under review
s COPL o
N R i I_AVAL Centre d'optique, Wel.shl@gel.ulaval.ca
A ol e photonique et laser



Summary

 Ultra-compact full-Stokes polarimeter using a CMOS-compatible
fabrication process.

* The optimal frame (in presence of both Gaussian and Poisson noises) 1s
achieved, for the first time, 1n a silicon photonic circuit.

* Spectropolarimeter: on-chip probing information carried by both
wavelength and polarization

* Promising for a broad application thanks to their compact footprint,
low power consumption, low cost, and robustness

el UNIVERSITE COPL
o o b e Centre d'optique, wei.shi@gel.ulaval.ca 24
0 LAVAL

photoniq



Thanks!

Our group’s website: Acknowledgment:

Sentinelle "
Nord

NSERC
CRSNG




Spectropolarimeter : design of spectrometer

. Advantage:
Small footprint, low power consumption

Problem:
(1) the inverse relationship between the size
and free spectral range (FSR)

FSR=50 nm Diameter = 2 um
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Broadband and optimal polarimeter

() 3 g0

S 2223
e . AR

145 1.50 1.55 1.60 1.65
Wavelength (um)

b) 5 .n]

L=11 pm () g)SOj N,=90
...'l.. —-'l 6 p‘m e 60 - sz 80

(=1.8 Wuzm._— 9 —
“““ | T

T S, 20 r

7, | =16 p Wia~ £ -
R ]

145 150 155 1.60 1.65
Wavelength (um)

LY L ‘ o

M o el o UNIVERSITE wei.shi@gel.ulaval.ca
COPL

P M R e I_AVAL Centre d'optique,

A ol e photonique et laser



Broadband and optimal polarimeter
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Introduction
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Polarization state

Stokes vector i1s used to

describe the polarization
since 1850s
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