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EXOPLANET DETECTION

Mass — Period Distribution

. exoplanetorchive.ipaljcéﬂl‘\]egcr?.gsa
* 5400+ confirmed exoplanets to date B I A R
. . . ok o
* The field is focusing on -
characterization of known planets 2ol . ]
) *
* Handful of terrestrial planets =
detected, with much smaller orbital 5 ;_Frecdio,ltvelocity
. = ransits
perlods. _% — L AMicrolensing i
. . — O F *Imagin E
* These are mostly not in the habitable o Timing Va
zones of their host stars. S St "CEe) Brigiiness,
* No true Earth/Sun analogs in the L )
habitable zone confirmed yet. ™ Gy e ey T T
0.1 1 10 100100010* 10%.10% 107 108 10° 10
Terre.strial Period [days] Earth
regime
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EXOPLANET CHARACTERIZARION TECHNIQUES

Direct Imaging Radial velocity

Credit: NASA ) Credit: NASA

Transit

light curve

~~—_-r

brightness

P Credit: NASA
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MANY PHOTONIC FUNCTIONS TO PLAY WITH
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HOW TO DETECT AN
EARTH-LIKE PLANET
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USING RADIAL VELOCITY TO DETECT EARTH’S

¢ By measuring the periodic wobble in the
spectrum of the star, one can infer the presence
of an orbiting planet

HOST STAR

* Earth like planets induce velocity shifts of <1 m/s
in the velocity of the starlight.

* This is a fractional velocity shift of
~1 /300 000 000

*  We must therefore sense a shift in the spectral ‘ EXOPLANET
lines of a star to this level!!!!

e For an Earth-like planet, in the habitable zone of
a G star, the velocity shift will occur over a full 3 Credit: ESO
year. Extremely low rate of change in a small
velocity!
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SPECTRAL CALIBRATION
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LASER FREQUENCY COMBS
UNe HCL

Echelle order A s,
55 [1377nm

Key features:

* Create a periodic array of lines
that span a broad bandwidth

* Absolute frequency and interline 43
spacing can be ultra-stable with < 2048 pixels >
locking to various reference clocks
— GNSS (relative uncertainty 10™
or 10™), f-2f (relative uncertainty
1078), etc

Y

. 43 i
* Enables very precise wavelength | 210 e
measurements over decades!! slit 11 ‘ a C 57
height | j 5:
{ 10°C
LFC 14.5 GHz 1225 1230 1235 pixel

Obrzud et al. Optics Express. (2018)
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Common combs:

+«  Mode-locked laser combs -iietal Nat.
(2008)

° Yiet al. Nat

Comms. (2016), Kashiwagi et al, Opt. Exp. (2016), Obrzud et al. Opt.

Exp. (2018).

« Soliton micro-combs - sun et al. Nat Phot. (2019)

Electro-optic combs has 10 ish GHz line
spacing's — used by PARVI, HZPF, IRD and
HISPEC/MODHIS

Many applications of combs in
non-exoplanet fields for precision timing

SPIE Optics+Photonics

a high-repetition rate
laser pulse source

LASER FREQUENCY COMBS

spectral broadening
(nonlinear optics)

‘H

spectral flattening spectrograph
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Jovanovic et al. JPhys. Phot. (2023)
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SPECTRAL FLATTENING
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40 dB+ of LASER FREQUENCY COMB SPECTRUM

dynamic range

10 :
{1 Initial region\ ——long wavelength OSA
= t short wavelength OS
0 of test . gth OSA
' Spectrum to be
attenuated

3
5. A5
e |
g ¥
o 1 f

-40 7 \

504 f Ideal range of comb

_-l" line amplitudes
-60 ' ' ' ' ' . y v ' : - :
1200 1400 1600 1800 2000 2200 2400 [V
Wavelength (nm) Courtesy of PARVI team
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ALL PHOTONIC SPECTRAL SHAPING

Input waveguide

Mach-Zehnder
Interferometers

; 1x2
\ \ Multimode
: interference
p 4— couplers
: 2x2

Thermo-optic
phase
modulator

Output waveguide Jovanovic et al Opt. Exp. (2022)

Loop backs % DC pads

: 8 mm

\ Spot Size Conductors AWGs Ground pads
Convertors 32 mm

SPIE Optics+Photonics August 22", 2023




ALL PHOTONIC SPECTRAL SHAPING

107 — Reference Waveguide
Default Passive Spectrum
onuil ; SuperLuminescent (L= BAPSS Flat at Max Throughput
ap o Input/output diode (SLD) —— BAPSS Flat at Mid Throughput
spectrograph . ] optical fibers % —— BAPSS at Max Suppression
# 5 —101 — O0SA noise floor

A Y oAl Mo o b o sl N ol e et il el
* Polarization
controller
SMF28
= NN

\ -

FC/APC connectors
1

—
Output

Thermal
stabilization

Normalized Power (dB)

|
(=]
o

S| -70 f
ElsfRiical connactors m* L UM 1400 1450 1500 1550 1600 1650
' 2.0 Wavelength (nm)

]
—_
o

Extremely compact, and fully packaged device

—_
(=}

Deviation in power relative to mean (dB)
o
[=}
| ﬁ

Offers 38 dB of dynamic range across 250 nm

e
w

Lowest loss is around 11 dB + coupling.

Operates on a single polarization
< 0.1 dB RMS stability over 24 hrs.

Jovanovic et al Opt. Exp. (2022) =20 1450 1475 1500 1525 1550 1575 1600 1625
Wavelength (nm)
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CLUOLED LUVUF rLATITENING AND
CONTROL

MZI Iteration #1 (flattening to -60 dB, gain 200 %) Iteration #1 (flattening to -60.0 dB, 200% gain)
30
First Spectrum
Current Spectrum
—— Current Spectrum (Smooth) 20
=204 Spectral Channels
Target Line
g 10 A
—~  —40 1 5
[20]
3 3 5
= i
g Aﬁ\ v
o -
o —60 - v ' '} E
£ -10 1
-80
—-20 4
Central Powers
-100 T T . T T T T -30 —
1400 1450 1500 1550 1600 1650 1700 1750 1800 16 17 18 21222324 272829 313233 36 37

Spectrum (nm) XPOW Channels

Credit: Svarun Soda
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HOW TO CHARACTERIZE AN
EARTH-LIKE PLANET & DETECT
BIO-SIGNATURES
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age (billions of years ago)

40

35

3.0

25

20

15

1.0

05

0.0

SPIE Optics+Photonics

oxygen

L I
104 102 100 102
column mass (g/cm2)

104

albedo

albedo

albedo

0.6
0.5
04
0.3
0.2
0.1
0.0

0.5
04
0.3
0.2
0.1
0.0

04

03

0.2

0.1

0.0

Archean ——
hazy Archean

CHa cm 0

I e

2.0
wavelength (um)
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20
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L S (S ) T (SR R R /N e WM ] (R .
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wavelength (um)

Archean Earth

Take a spectrum of the planet itself

HOW TO CHARACTERIZE A TERRESTRIAL PLANET

Archean Mid-Proterozoic Phanerozoic
(3.8-25 Gya) (2.0-0.7Gya) (0.5-0.0 Gya)
detectable @ ® I ~ NIR
challenging @) ' : 1 m
| @; [1.65 um]
undetectable
= | O
S |getectavie ‘ ﬁ uv
§ challenging ' ' [0.25 um]
© : :
O |undetectable :
detectable m Vis/NIR
challenging [0.76 pm]
undetectable m @
l .”' time <
Earth’s present
formation day

August 22" 2023

Credit: LUVOIR Final report, NASA




STARLIGHT SUPPRESSION
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HIGH CONTRAST IMAGING OF EXOPLANETS

HR8799 Exoplanets

Orbit of Earth

High Contrast Imaging or direct imaging of exoplanets

* Extreme contrasts are needed —
- Earth to our sun contrast is 1:10°1111

- larger planets can be as low as 1:10* P

X00-07-31

* Extremely close to the star — The habitable zone of ' By Jason Wang
stars like our sun is very close to the star

Analogy: Like searching for a firefly next to a
lighthouse in Boston, from San Francisco.

Credit: American Institute for Economic Research
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A CLASSICAL HIGH CONTRAST IMAGER

Deformable mirror

*N.B: Wavefront sensor not shown

B ———_

Telescope

Fold mirror

1 Coronagraphic
Aperture Mask Lyot Stop Detector

Key elements include:

A deformable mirror and wavefront sensor, a coronagraph, a science instrument

SPIE Optics+Photonics August 22" 2023




WE ARE GETTING THERE

Clear Pupil; AA/A=0.1
* Results achieved in vacuum 367 o
testbeds at JPL. 5
* 10% spectral bandwidth
% 10-8 -
* Some coronagraphs needs to §
. . . C .
runona 'smgle polarization — s - Shirg.ea Pupil e
polarization dependent Lo-s .
aberrations become an issue ; P N o ,
~ % ° Hybrid-Lyot
‘ oooooo...o ...o ®
DST-Lyot
10_10-_ N 8 B 8 B _ B B N B B B _ B &8 §B § §B &8 _§B & _§B N _§B _§B B §B §N
] exo-Earth flux ratio
0 2 4 6 8 10 12 14 16 18
A huge amount of work done by the teams at Angular Separation [A /D]

the Jet Propulsion Laboratories

SPIE Optics+Photonics
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ML VNN WL S\ INJINW NGV 11}

MASKS

Advanced coronography:

*  All about controlling diffracted light and pushing
inwards towards the star

*  Phase masks are commonly used these days

¢ Polychromatic solutions are highly desirable 1= topological charge = 2,4,6,8,...

parametrize height of phase ramp
See for examPIE- e VORTEX CORONAGRAPH P )
* Niyati Desai’s poster - 12680-85 — Wednesday evening Imprint phase scrow dislocation o cantered PSF,

inducing amplitude singularity at its center, canceling =
the on-axis coherent light within the downstream pupil, on-axis vortex

- Skyler Palatnick talk - 12680-26 1:40pm today W s Sy e y 5 aphvagn. O s 4

propagates normally.

* Lorenzo Konig talk - 12680-27 — 2:00 pm today Atimmaon

- demonstrated high contrast (~10°%)
- small IWA (>0.9 M/D), virtually large OWA
- high throughput, clear off-axis discovery space
- simple layout and operation
On-axis contrast performance - achromatic design possible &
- reduced sensitivity to low-order aberrations for 124 no vortex/ '
- immune to central obscuration with: i ’
off-axis 7.
- single stage ring apodizer.
- multi-stage (n22)

© Dimitri Mawet, 2013

A huge amount of work done in this area by:
the Jet Propulsion Laboratories, Princeton,
A University of Arizona, NASA Ames, Leiden
University, Liege, Observatoire de Paris,
s Caltech and so on

Knight et al. SPIE (2018)

SPIE Optics+Photonics August 22", 2023




We want to push
into this parameter
space

* Results achieved in vacuum
testbeds at JPL.

* 10% spectral bandwidth

* Some coronagraphs needs to
run on a single polarization —
polarization dependent
aberrations become an issue

A huge amount of work done by the teams at
the Jet Propulsion Laboratories

SPIE Optics+Photonics

Contrast

WE ARE GETTING THERE

-

10~ E

Clear Pupil; AA/A=0.1

000,

o® e o°®

Shapea Pupil
0090°%05000000°

: B . Hybrid-Lyot
. ' o ..........:. ..... y y o
4 DST-Lyot
10_10-_ : . ,_: N 8 B B B B B _ N B _ B B _ B &8 §B N §B &8 _§B & _§B N _§B B B §B N
] exo-Earth flux ratio
0 4 6 8 10 12 14 16 18

Angular Separation [A / D]
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THE PHOTONIC CORONAGRAPH v1

Phase shifters

Grating
couplers
SMF or
3-port
lanterns

SPIE Optics+Photonics

Couplers

LPO1

1-Ring LP-Mode Coupler Array +7 Row PIC

LP0O1,LP11a,LP11b

i 1-Ring LP-Mode Coupler Array + 21 Row PIC Coronagraph
r T —— — — ]
09 sl
7x7 PIC 21x21 PIC
08 o
orf o
oo
= 061 i
=3
2 1deal CG 5 _
c,‘ Sos Pupll PLATE 2 / r:;: o
Y . & /
@ hesecnpe syt 1 Bosp |/ ETeei—
g 2 N Include PIC Loss
C " os [ /
o “ ! \
03t 03
02t 02
o o1}
Y T /
g - J —
o . I e ——
° 08 ! s 2 Lamsdﬁa/D N 38 N e ® o 05 1 15 2 25 3 35 4 45 5
Lambda /D
, 2-Ring LP-Mode Coupler Array + 19 Row PIC Coronagraph | 2-Ring LP-Mode Coupler Array + 57 Row PIC
09 09
M 19x19PIC | 57x57 PIC
o7 (43
oo
[ = _08F L 06F
o 2 1deal CG 3 deal CG
£os Pupll PLATE £os Pupil PLATE
. 32 LP*Mode Coupler Array TE. 2o LP Mode Coupler Array T £
O £ Include PIC Loss £ Include PIC Loss
; 0.4 o 04+
03t 03

25 3
Lambda / D

25
Lambda /D

R R

NNNN<< <<

Spatial mode
demultiplexing and
cancellation.

Credit: Jeffrey Jewell (JPL)



Bk 1 1INV 1 WVINISG CWJINVINNANGIW AT B8R

V2

low index jackets

few-moded

fibre fibre bundle

* Mode converting devices —
few/multimode to single mode

* One input — multiple outputs

* Can be extremely efficient — 1x19
devices with >97% efficiency at 1550 nm

N-port PL
* Can be used with a seeing-limited beam
or a behind an AO system

Leon-Saval et al. Opt. Exp (2005)
Leon-Saval et al. Opt. Exp (2012)
Leon-Saval et al. Opt. Exp (2013)
Leon-Saval et al. Opt. Exp (2017)
Birks et al. Opt. Exp. (2012)

Birks et al. Adv. Opt. Phot. (2015)
Noordegradf et al. Opt. Exp. (2009)
Noordegradf et al. Opt. Exp. (2010)
Noordegradf et al. Opt. Exp. (2012)

)

Kim et al submitted. (2023)
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Bk 1 1INV 1 WVINISG CWJINVINNANGIW AT B8R

* Proposed in the context of image V2
reconstruction. N(N —1)/2 beam combiners
Symmetric Ring ABCD Beam combinerA N
N P \\ ==

N-port PL

See Yoo-Jung Kim’s talk (12680-21) at
10:30 am and Danial Levinstein’s talk
(12680-20) after the break

* Small modifications of the circuit (N —1) splitters 2N(N — 1) outputs
could allow it to cancel out the light. Kim et al submitted. (2023)

SPIE Optics+Photonics August 22", 2023




VORTEX FIBER NULLING

Ruane et al. AJ (2018), Echeverri et al. Opt. Lett. (2019)

SPIE Optics+Photonics August 22" 2023




VORTEX FIBER NULLING

__star______ ﬂ _________ {\ (on axis) Star doesn’t couple into fiber

[ = charge*
(*must be an integer)

Ruane et al. AJ (2018), Echeverri et al. Opt. Lett. (2019)

SPIE Optics+Photonics August 22" 2023




VORTEX FIBER NULLING

(on axis) Star doesn’t couple into fiber

(off axis) Planet partially couples into fiber
- Charge 1 2 20% coupling at 0.91/D
- Charge 2 2 10% coupling at 1.41/D

Vortex = e'l® .

. Coupling

I = charge b) efficiency
(*must be an integer) 151

0 025 05 0.75 1 126 156
a (VD)

Ruane et al. AJ (2018), Echeverri et al. Opt. Lett. (2019)

SPIE Optics+Photonics August 22" 2023




VORTEX FIBER NULLING

On-sky detections
HIP94666B, 20230509, orders 67

Please see Daniel Echeverri’s talk

404 Credit: Jerry Xuan and | CCF
12680-23 at 11:10 am after the break Daniel Echeverri | Dark flux
“-..... 1 Slit flux
o a, » 304 : --~- Peak at-39.1 km/s
201

101

Counts

Single-Mode

-300 -200 -100 O 100 200 300
Velocity shift (km/s)

High Resolution |
100:1 K band flux contrast

Spectrograph

Spectral Analysis

Separation of 37 mas (<1 lambda/D)

/A\
%{X @ﬁ More recently a companion detected
at 300-500:1 at 1.4 lambda/D

SPIE Optics+Photonics August 22", 2023




PHOTONIC LANTERN ENHANCEMENT

* Mode converting devices — few/multimode to single mode
* One input — multiple outputs
* Can be extremely efficient — 1x19 devices with >97% efficiency at 1550 nm

* Can be used with a seeing-limited beam or a behind an AO system

Leon-Saval et al. Opt. Exp (2005)
Leon-Saval et al. Opt. Exp (2012)
Leon-Saval et al. Opt. Exp (2013)
Leon-Saval et al. Opt. Exp (2017)
Birks et al. Opt. Exp. (2012)

Birks et al. Adv. Opt. Phot. (2015)
Noordegraaf et al. Opt. Exp. (2009)
Noordegraaf et al. Opt. Exp. (2010)
Noordegraaf et al. Opt. Exp. (2012)

FMF Face SMFs Face
(Input) (Output)
Replace SMF with a mode
selective photonic lantern

Xin et al. ApJ (2022)

SPIE Optics+Photonics August 22" 2023




PHOTONIC LANTERN ENHANCEMENT

LP 01 LP 11a LP 11b

LP 21a LP 21b LP 02
FMF Face SMFs Face
(Input) (Output)

Replace SMF with a mode selective photonic lantern

Xin et al. ApJ (2022)

SPIE Optics+Photonics August 22" 2023




No Vortex Xin et al. ApJ (2022)
LP 01 LP 11la LP 11b
0.6 0.6 0.6
0.4 0.4 0.4
0.2 0.2 0.2
0.0 0.0 0.0
LP 21a LP 21b LP 02 -
0.6 0.6 0.6
0.4 0.4 0.4
0.2 0.2 0.2
0.0 0.0 0.0
No Vortex
0.75
W «e: LPO1
%51 % +- LP1la
o051 ¢ ke LP 11b
] A
a oAy e LP 212
52t Y wr LP 21b
3 0.3 o 5 - LP 02
= % —— 4 Nulled Ports
F o2 L, All Port
Fam ‘.. »k orts
0.1 m ¥ Y A._» A
| 13 L,
e R e T
00 05 1.0 1.5 20 25 3.0 3.5 4.0

X (A/D)

Total throughput in nulled

ports

has been greatly
improved

SPIE Optics+Photonics

Microscope
image

PHOTONIC LANTERN NULLING

Electric field profiles

Courtesy of Yinzi Xin

*  Custom mode selective 6-port photonic
lantern fabricated

*  Optimized at 1550 nm

» Characterized in the lab and tested in the
nulling testbed.

See Yinzi Xin’s talk (12680-19) at 9:20 am

foday

August 22" 2023




THE PHOTONIC CORONAGRAPH v2.2

N(N —1)/2 beam combiners
ABCD Beam combiner

* Swap a standard lantern with the mode
selective lantern.

* Two stages of nulling: -
- PN o

- Beam combiner back end clean up

See Yoo-Jung Kim’s talk (12680-21) at 10:30 am

N-port PL

o

(N-1) splltters 2N(N — 1) outputs

Kim et al submitted. (2023)

SPIE Optics+Photonics August 22" 2023




Close-loop
command

Wavefront
sensor

Detector

PUPIL SEGMENTATION NULLING

SCExAO system
Subaru facility
3000 1525 nm 1530 nm
Deformable Object 20.0020 0.0020
mirror GC‘O 0015 0.0015
So.0010 0.0010
! $0.0005 0.0005
I 0.0000 0.0000
2500 = -0.75 -0.25 0.25 0.75 125 1.75 -0.75 -0.25 0.25 0.75 125 1.75
1535 nm 1540 nm
20.0020 0.0020
£0.0015 0.0015
G 50.0010 0.0010
vistble 2000 _ F0.0005 0.0005
b = L £0.0000 0.0000
light IR light - = -0.75-0.25 0.25 075 125 175 = -0.75-0.25 025 075 125 1.75
gord ° 1545 nm 1550 nm
pd w O 20.0020 0.0020
6u ‘ X < £o0001s 0.0015
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Null depth Null depth
Wavelength (nm) HRASR S

—— Fit (19.7 £ 0.123 mas, x*=52.0)
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¢ Measured null depth £
£0.06
a
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o
80 5004
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Norris et al. MNRAS (2019)
9 0.00 Martinod et al. Nat. Comms. (2021)
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PHOTONIC WAVEFRONT
CONTROL

SPIE Optics+Photonics August 22" 2023



Multimode fibre
a)

Photonic lantern transition

PHOTONIC LANTERN WAVEFRONT SENSOR

—— Truevalue

Multi-core fibre

+ Reconstructed value ~ —— Residual
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Measurement number

Photonic lanterns are ideal for focal plane wavefront sensing — eliminate non-common path and chromatic errors.

August 22" 2023
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From Lin+ 22 PHOTONIC LANTERN WAVEFRONT SENSOR

%) linear e e N . .
S Optimization: investigating strategies to increase WFS performance,
j‘é including using beam recombiners (Lin+ submitted)
g t% L00d g llllllr\(tl):ll:l‘(:l;xlxlrl:(ld’rlr b w/ recombiner
. 2. 0.75 w/o recombiner]
i Numerical i
E modelling: testing T oamd N\ P k. )
© . ol T e, o . e - ——
3 3-19 port PLs with 0 I 7 -
? linear/low-order /
o nonlinear
. ooy /

H recon St ru Ct on L0 = 0.5 0.0 05 0.5 00 05 L0
’U-)\ quad ratic Mode amplitude (rad RMS) Mode amplitude (rad RMS)
2 Lo closed loop open loop closed/open
o —— mode 2
o] | mode 3
E . 1002 _— um(;e 4

1076 4 mode 5

it ?6 mode 6
™ g
; ~ - 10714
©
>
S 10710 4y T T T T T — 7 T
7} 100 10! 10? 10° 10" 107 10° 10t 10?
g freq (Hz) freq (Hz) freq (Hz)

Lab demo: using SCExAO to test real-time correction w/ PLs

SPIE Optics+Photonics See Jon Lin’s talk (12680-22) at 10:50 am today EhYE;




Design parameters
. n,=1.44680

Multirmode input enq

Single-mode (multicore)
outpptre’nd

SPIE Optics+Photonics

PHOTONIC LANTERN WAVEFRONT SENSOR

Matrix amplitude Matrix phase 3

1.0
0
Hybrid photonic lantern (HPL) 2
0.8 2
. 4
2
g6 '
b 0.6
g ° 0
210
£ - 0.4
812
g -1
©1a-
0.2
16 -2
18
9a - - 0.0

mANMEOTONoYDOMRONO®DORD

< I I e e e B I R

[ A rd ot it NN M ™ =

“Jddeaacancadadnsacts

o Bpe fon e R [ pr oo [ e foun B o B |
Excited mode

*  Hybrid lanterns can extract light in certain spatial modes.

» Extracting LPO1 is useful if you want to send that for
spectroscopy of the target while higher order mode mixing is
used for WFSing.

+ Can we make lanterns with other modes extracted?

Norris et al. Opt. Exp. (2022)
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PHOTONIC SPECTROSCOPY
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PHOTONIC SPECTROGRAPH TECHNOLOGIES

Arrayed Waveguide Grating

Planar Concave Gratings

deeply etched teeth

Courtesy: Wikipedia

Stationary Wave Integrated Fourier Transform Spectrometer

E. Ryckeboer et al. SPIE (2016)

E. Le Coarer et al. Nat. phot. (2007)
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PLAYING WITH OFF-THE-SHELF DEVICES

AWG + SMF fiber feed

Silica-on-silicon technology

R=7000 native resolving power, AA =0.22 nm
FSR =52 nm, m=27, CWL = 1550 nm

No polarization dependence

; \
Camera/ Fr

;\(Oﬁagation zohe Output
Disperser/ \\ :
waveguidegr?& _J
Optical
path

mode fiber

S/ \
N A& \Input/SingIe
N
Cvetojevic et al Opt. Exp. 2012
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PUSHING TO HIGH RESOLVING POWER: R ~ 26,000

2cm

Courtesy: Pradip Gatkine, Greg Sercel, Jeffrey Jewell, Kent Wallace

100%

0
* Efficiency: 20% .
< >em . 5 Channel Spacing (,M,) =0.05 nm 0%
T m
| & @—10 10% &'
) g
SiN platform (200 nm thickness) 2 -15 3% 2
& RS
. -20 i A 1%
Resolving Power: ~ 26,000 Al ( (A\ A
« /\ | X A l‘ \J
Fr?e Spectral Range: ~ 15 nm 2593382 13384 13286 1\328 8 13290 1329.2
Wideband: 1200 — 1700 nm (J+H) Wavelength (nm)

SPIE Optics+Photonics August 22" 2023




HIGH RESOLVING POWERR AND HIGH-THROUGHPUT

Courtesy: Pradip Gatkine, Greg Sercel

Doped SiO2 offers a higher
fiber-to-chip coupling efficiency

O cy:|40% Channel Spacing (AN)=0.04nm | 100%

— _5] X ' 30%
an) ," " o %
S )
)
5 101 | 10% 3
’ = <
T 8

'(

\ 3%

Doped SiO, platform -15;

by O
Resolving Power: ~ 30,000 \ / ( ~

Free Spectral Range: ~ 13 nm =20

Wideband: 1200 — 1700 nm (J+H) 12137 12138 1213.9 12140 1214.1 1214.2
Wavelength (nm)

1%
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Chip size: 20 mm x 5 mm
Doped SiO, platform
Resolving Power: ~ 180

Free Spectral Range: ~ 220 nm
Wideband: 1200 — 1700 nm (J+H)

SPIE Optics+Photonics

Power (dB)

BROADBAND, LOW-RESOLUTION: R ~ 180

Channel Spacing (AA) = 8.75 nm

Peak Efficiency: 75%
e e e s e e e e 100%
[\ -
—51 — 30% m

/ o
[ >
.’ 2

- 1 5 1 "11 3% ’o\?

—201 ;' 1%

| g

I
N
&)

|

1640

1560

1580 1600 1620
Wavelength (nm)

Courtesy: Pradip Gatkine, Greg Sercel
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PUSHING THE RESOLVING POWER TOR ~ 26,000

2cm
0 , 100%
v EfficiencT: 20% Ax

Channel Spacing ( =0.05 nm o

T 2cm » -5 . 30%
3 7
= T -10 10% &
SiN platform (200 nm thickness) 5 §
s -15 3% =
2
Resolving Power: ~ 26,000 - -

Free Spectral Range: ~ 15 nm =20 1%

Wideband: 1200 — 1700 nm (J+H) YA
A =25 713582 13384 1328.6 13388 13790 1329.2 —

Wavelength (nm)
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Cross dispersion

Single order of AWG at output
.

Multiple orders separated via
cross-dispersion

e

Primary dispersion

SPIE Optics+Photonics

BUILDING A PHOTONIC INSTRUMENT

From
SCExXAO \QYVG N2 Photonic
Prism speqrograph * Prism cross

: \ disperser ;
Collimator _ "\ o228
Camera

Jovanovic et al. Opt. Exp. 25, 17753 (2017)
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PHOTONIC SPECTROGRAPH PERFORMANCE

Element Throughput (%) | Optimized throughput (%)
Pre-injection
Atmosphere 97 97
Telescope 92 92
ADC 92 92
AO188 79 79
SCExAO 68 72
Apodization optics 55 96
Throughput to injection 24 45
Post-injection
Reflection at fiber tip 96 0.995
AWG 77£5 77 £5
AWG bonding/splices 79 95
Collimating lens 90 90

1100 nm Prism 82 >90
Camera lens 97 97
Spectrograph throughput 42 57
Coupling S.R.x0.74 + 1.84 SR.x0.74 + 1.84
Total throughput 5 13

HNWAUONOO
»—Jl\.)w AU N OO

1650 nm

HeNe laser

Jovanovic et al. Opt. Exp. 25, 17753 (2017)
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ON-SKY SAMPLE SPECTRA
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Jovanovic et al. Opt. Exp. 25, 17753 (2017)

Reference spectra courtesy of IRTF catalog
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