ANDOR

an Oxford Instruments company

High Performance, High Resolution
Detector Solutions for Astronomy

2016

Agenda

» Who is Andor?
* High performance Andor CCDs
» Apogee CCD range
« EMCCD technology
» SCMOS technology
iIKon-XL - Very Large Area CCD Platform
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Pioneering and Leading
High Performance Light Measurement

0 Established 1989 (QUB spin out) 2 400 direct staff

WhoamI?

0 Apologies that | could not be there in person !

Paul Mc Grotty

Principal Engineer

CCD and Spectroscopy solutions
Andor technology
p.megrotty@andor.com

© 6 years with Andor — prior experience in RF and telecoms
© Lead engineer on iXon Ultra and iKon-XL
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Andor Timeline

Launch of
. iKon-XL

Low Light Imaging

High performance, ultrasensitive
EMCCD, sCMOS and CCD
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Spectroscopy Solutions

Modular spectroscopy solutions: wide range
of spectrographs and detectors.

Software  Complements Andor’s product

offerings through image :
acquisition, analysis and MICI’OSCOpy SyStemS

gl visualisation capabilities High end modular , N —i?
~TaEa confocal microscope i i

systems




Permanent Vacuum

Permanent,
All-Metal Seal

=

Window
(Anti-reflection —=- Heat
Coated) Removal

=

Vacuum

CCD TE Ceoler

O Up to 4 Megapixel

© Cooling to -100°C

© Extremely long exposures possible
O Low read noise, high dynamic range

Little Dumbbell Nebula, acquired using an iKon-L 4 MP CCD on the
1 meter telescope at Observatoire du Midi in France




Recently launched.. .extendedB—ETfé;{gE o
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SuperWasp

« The SuperWASP observatories each consist of an array of
8x iKon-L (4 Megapixel) CCD cameras

« These cameras are extremely widefield — up to 2000 times
greater than a conventional astronomical telescope.

« The cameras continuously image the night sky, each
camera capturing up to 100,000 stars per image

NGTS
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« The Next Generation Transit Survey consists of 12 x lkon-L

cameras each with their own robotic mounts

e Asadevelopment of the Superwasp, Deep Depleted
sensors have been selected to improve IR performance.
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Next Gen Transit

Survey (NGTS)
Customisation challenge...

MEXT-GEMERATION TRANSIT SURVEY

Customisation challenge...

mngrates Counts (ADU)

Total intograted Counts (ADU) vs Exposure Time (3)

o Welt Depth € =

o But e2v sensors don't have anti-
E bloom structure and allow charge to
PR spill along columns...
v’ This is great for
B photometric measurement!
Next Gen Transit Survey (NGTS)

“We have demonstrated
that at specific collection
phase voltage settings,
linearity performance
better than 1% may be
realised, even after
blooming occurs.”

Eoin O'Connor

Paul McGrotty
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# Very wide range of sensor options

& Up to 29MP

# USB and Ethernet

& Manufactured in Andor’s Belfast Factory

Alta Aspen Ascent
 -350C cooling (A60 °C) e -450°C cooling (A70 °C)  Entry Level
e Full Frame & Interline  Full Frame & Interline * Interline Only
16 sensor options * 8 sensor options « 15 sensor options
e Upto 16.8 MP e Upto 16.8 MP e Upto29MP
USB 2.0 & Ethernet




iXon EMCCD Camera Series

+ Single phatin sensitive ik S
+ Fastost Frame Rato
+ TE cooea 10100 G

Apogee
product range
appears
alongside
other Andor
camera
families...

EING OUT Mo

iKon-XL and iKon Large CCD Series

+ NEW ion-XL Quack Spec fic
+ TE cooked 1o 100 °C
- Up 1o 16.8 Megagixel FIND QUT MCRE

Clara Interline CCD Series

* 1.4 Megapindl
+ TE cooked 1 -55 °C
+ Lowest readeut ncise

e ———

+ <10 read noise, > B0% QE

« Inchustry Fasinsd spoads
* 42300 5.5 Megapoe

ik

Intensified Camera Series

+ USB connectiity
=« 2 true optical gating
~ Sz readout platiam

Apogee CCD Camera Series
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* Up 1o 16 MegaPoml
= Full Frame & Intedine CCDs
- Filtar Whiels

FING QUT MORE

Aspen CG16M

60% QE

16.8 Megapixel (KAF-16803)
9 um pixel size

USB 2.0 and Ethernet
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Apogee Accessories

Lens Adapters .
Adapter plates

Filter wheel
lens adapters

Filter wheels

Filters

iXon — Electron Multiplying
Charge Coupled Device (EMCCD)

...introduced ~ 14 years ago as a high-performance
alternative to CCDs at faster frame rates

v Single photon sensitive; > 90% QE
v 30-60 fps
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Applications

* Lucky Imaging

* Wavefront sensors
* High time resolution astrophysics
* Solar astronomy

* Guide cameras
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iXon Ultra 888 # =

The Fastest
Back-illuminated EMICCD

» 3x Faster!

v' 30 MHz readout

v’ 26 fps from 1024 x 1024

v’ 93 fps from 512 x 512 (Crop Mode)
v’ 697 fps from 128 x 128 (Crop Mode)

o Largest Field of View

EMCCD -2.6x greater than 512 x 512
Sensor.

Customisation program undertaken to
provide a new Focal Plane Guide Camera,
based on iXon 888

£ i SR “Camera works as expected — factor of 100
improvement in S/N!I”

“We can now successfully guide on > 95% of
the fields.”

Pasquale Temi & E.E. Becklin, NASA
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Raven project (Subaru Telescope)

Multiple iXon EMCCDs used as wavefront sensors in
this Multi-Object Adaptive Optics (MOAQ) approach

“What makes Raven special is its ability to measure
wavefronts from three natural guide stars (NGS) over a
3x3 arcminute field and derive a correction for any other
location in the field of regard.”

oM,

Scientific CMOS (sCMOS)

Scientific CMOS (scMOS) is LINIC|UE in

SimU|taneOU8|yoffering...

» Extremely low noise (without multiplication)
* Rapid frame rates

* Wide dynamic range

« High QOE

« High resolution

« Large field of view

* Rolling and Global shutter modes
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sCMOS —
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Interline CCD -
5 e noise

7622nm

Line intensity plot through single row of a high
contrast image, crossing regions sampled by low
and high gain amplifiers.
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sCMOS or back-illuminated CCD? = =

Signal to Noise Ratio (SNR)

10
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sCMOS (2x2 binned) vs
Back-illuminated CCD...

a==5/N CCD (100kHz)
=5/N CCD (1MHz)
——5/N sCMOS (560MHz)

100

Photons per 13um pixel area

1000

Bl CCDs can still offer best performance in
slow readout (typically long exposure)
applications

IKon-XL




ColdSpace ™

Patent-Pending
techn

v’ Very Large Area Sensors
-100 °C TE cooled!

v NO liquid nitrogen,

v NO cryo-cooler L~

v NO re-pumping IKon XL

Large area CCD cameras

Extreme performance, no hassle

iKon-XL, — Further details
v' Two performance variants:

‘Deep Cooled’ to -100 °C - liquid cooling only iKon-XL 231
0 ‘Flexi’ version - liquid cooled to -75 °C; air cooled to -55 °C

o

VERY LARGE AREA

ASTRONOMY
v NO LN2, NO Cryo, NO re-pumping TRONOMY CCD

v" Extended Dynamic Range — Access lowest noise and full well
depth simultaneously, with up to 18 bit digitization

v" Up to 4 MHz readout per port (e2v sensors)

v" Connection flexibility — USB3 or fibre optic.

v' Balanced amplifiers — uniform multi-port readout.

v’ Easy user-replaceable shutter — on-site maintenance

v" iRig-B timestamp — for time and positional accuracy and
networking across multiple sites




1Kon-XL 230

1IKon-X1 230 QE Options

* 16.8 Megapixel sensor (CCD230-84)
*-100°C TEcooled 4
® 45 e- read noise -
* 150,000 well depth

* Up to 4 MHz readout (quad port)
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iKon-XL 231

* 16.8 Megapixel sensor (CCD231-84)
* -100°C TE cooled

* 2.1 e- read noise

350,000 well depth

* 166,700: 1 dynamic range

* Standard silicon or deep depletion
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ANDOR

Yaford Instruments company

iIKon-X1, 231 QE Options
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Deep Cooled vs Flexi

‘Deep Cooled’

Weight = 12 kg ‘Flexr’

Body diameter = 200mm
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Weight = 8.25 kg
Body diameter ~ 150mm
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iKon-XL - ‘Extended Dyna.rr:lc ﬁéﬁ&e—’ Technology

UNIQUE INNOVATION

Access lowest noise and full well depth simultaneously,
with up to 18 bit digitization

CCD cameras always require software selection of amplifier gain to optimise either for
low noise (weak signal) OR max well depth (bright signal). Not both...

...until now. iKon XL utilizes proprietary Andor CCD know-how to offer lowest read noise
AND maximum well depth in one image.

e.g. CCD231-84 (4k x 4k *astro’)

Pixel well depth _350,000e M Requiring 18-bit
Lowest read noise 21e = 166,666:1 digitisation!!




v" Four physically separate ADCs and preamps with separate power
supplies for each quadrant — prevents crosstalk.

v" Tracking Stability - Four circuits maintained at the same operating
temperature and experiencing the same operating conditions.

v' ADC Correction - use an offset and gain algorithm to compensate in
real time the video signal between quadrants as the image is read out at

full speed. T
v" Optional - ADC correction is switchable under software control and can

be disabled if the user so desires.
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Low Maintenance Advantage
NO liquid nitrogen (LN2) - many astronomers in the past have opted to build liquid nitrogen
cameras in order to minimize darkcurrent. This requires ready access to LN2 supply and routine top up of
LN2 levels in order to hold temperature, as well as carrying an additional safety concern. Many

observatories are in remote locations and in some cases unmanned, making LN2 at best impractical, at
worst impossible.

NO cryo cooler - as many astronomers will be aware, cryo coolers (e.g. Cryotiger) are notoriously
unreliable. This is not a technology that can be relied upon for maintenance free operation in remote
locations.

No vacuum re-pumping - iKon-XL sensor head is based on Andor’s well tested UltraVac™ process,
which carries a Mean Time Between Failure (MTBF) value of > 100 years!

Field replaceable shutter - No shutter is designed or specified for infinite usage! When it finally fails
in a remote observing location, the shutter mounting of the iKon-XL has been purposefully designed such
that the shutter can be easily replaced by the user on site.

Voice of the customer

Irig-B timestamp:

The camera will accept an external 1Hz time code. At the start of each
exposure the camera FPGA will record the current time with 10nS resolution.
This data is appended in the Metadata for the image.

Ease of Use:

Compatible with Ascom drivers, supported by Red Logix.

Linux and windows SDK

Andor Solis windows application provides straightforward initial setup
USB and fibre optic interface.




iKon-XL: applications

iIKon XL Cameras already shipped and in use in
China and Antarctica

APPLICATIONS INCLUDE...
» Deep Space Observation
* Exoplanet Discovery
 Large Sky Surveys
 Photometry
* Astro-spectroscopy (Echelle)
* Supernova Detection
* Debris Tracking

.-"R's‘.-‘.
ra"

AscoMm | Standards for Astronomy

« ASCOM is a many-to-many and language-independent
architecture, supported by most astronomy devices which
connect to Windows computers.

* Gives compatibility with range of astronomy softwares [

» AllCCDs and EMCCDs integrated (inc Apogee)




Andor Astro

nomy Solutio i)

Ultimate sensitivity
Sensitivity + high resolution
e N High resolution ~ Speed + FOV
Ultimate on a budget +FOV + Sensitivity  + pynamic range

(lowest darkcurrent, read noise

AR R T S

Aspen CG16M  iXon Ultra 888 iKon-XL

Example iKon-L Aslfl‘:;‘ ch42 Alta F9000 Zyla (popular e2v
solutions iKon-M Alta F4320 4kxdK astro sensors)
Long exposure Lucky imaging, adaptive Long exposure
Whyo deepl space astronomy; . optu;s; Solar; Near-Eanh deep space
: Transit exoplanet studies; Object (NEO) tracking; astronomy with
Supernova search; Echelle; high time resolution large FOV; Echelle;
efc... astrophysics, pulsars sky survey etc..

etc..
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Other applications

© The iKon-L and XL product range have been developed for
physical sciences and Astronomy

© The iKon-L has also been further developed as an OEM camera
for ;

0 X-ray CT scanning
O Gene sequencing
© X-ray imaging with scintilators and direct detection

© The lkon-XL has been developed for X-ray detection




X-ray Computed Tomography

Test
Subject on

Camera
turntable




Ikon-L: direct detection

-

©30mm x 30mm direct X-ray detection




Ikon-XL direct detection

© 60mm x 60mm direct X-ray detection




Adding value beyond the camera...

GPU Large data solutions....simplified

v" Enhanced convenience, afforded by simple,
optimized GPU data management

v" Optimal data throughout

v" Accelerated real time processing frame rates

v" Superb, easily accessible documentation and
examples.

I Hmm'

“I'm really impressed. As with the Andor SDK3, you provide a clean interface, and the library is well
designed. I'm particularly amazed about the documentation. Reading through it, it all made complete
sense. It seems that lots of the tedious CUDA buffer management should be greatly simplified using
GPU Express.”

Dr Benjamin Schmid, Huisken Lab, MPI of Molecular Cell Biology and Genetics, Dresden,
Germany

FUTURE - Funded sensor/camera development:
Large area 16 Megapixel sCMOS

Target specs:

4K x 4K ~ 60% QE (> 80% back-illuminated)
12pm pixel High dynamic range mechanism
<2 e rms read noise > 75K e- pixel well depth

Rolling and Global shutter Vacuum cooled

80 fps from 4kx4k (rolling shutter)

Applications

* Solar

* Near Earth Object (NEO) detection

* |ucky Imaging

* Transit studies

* High time resolution astrophysics (pulsars etc)
* Guide cameras







