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Outline of Presentation

• Detector needs at ESO – status and future needs for ELT / VLT 

• First generation instruments for ELT

• Second generation instruments for ELT

• Future instruments for VLT

• Outlook after ELT / VLT beyond 2030

• Emerging detector technologies and future detectors
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Detectors for ELT 1st Generation Instruments -1

• MICADO - Mosaic of 3x3 H4RG-15, 2.5 um, operating at 82K 

(nominal)

• HARMONI – 4x mosaics of 2x1 H4RG-15, 2.5 um, operating at 40K 

(baseline)

• METIS - 5x H2RG, 5.3um, 1x GeoSnap, 13 um, operating at 40K, 1x 

Saphira at 90K

• All detectors will be operated by ESO’s NGCII controllers
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3x3 H4RG-15, 2.5 um 4 off 2x1 H4RG-15, 2.5 um 4 x H2RG, 5.3 um for IFU spectroscopy

1 x H2RG, 5.3 um for imager

1 x GeoSnap, 13 um for imaging and HCI

1 x Saphira, for SCAO

H4RG-15, 2.5 um

Saphira (0.8 to 2.5 um)

GeoSnap-18, 13 um

https://elt.eso.org/instrument/

https://elt.eso.org/instrument/
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Detectors for ELT 2nd Generation Instruments

• MOSAIC – Multi-Object Spectrograph

• 2 off 2x2 large format optical detector mosaics (baseline 

CCD290-99)

• 4 x H4RG-15 with 2.5 um cut-off (TBD)

• ANDES – high dispersion echelle spectrograph

• Optical and NIR detectors

• 5x Large format CCDs (possibly CCD290-99)

• 4x HRG-15 (3x 1.9um / 2.5 um (TBD) and 1x 2.5 um?)

• Detectors external to ESO detector group but supply of 

NGCIIs/hardware etc
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CCD290-99, 9K x 9K, 10um Pixels, 16 parallel 

outputs, used on VLT / ESPRESSO

Credit: ESO/Olaf Iwert
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Future Instruments for VLT 

• MAVIS – MCAO Assisted Visible Imager and Spectrograph

• Optical detectors (baseline 3x CCD290-99)

• CUBES

• Optical detectors (red and blue arms)

• Baseline 2x CCD290-99 with new AR coatings for blue (300 – 400nm)

• Blue MUSE

• 16x CCD231-84, 4K x 4K, 15 um pixels, blue optimised CCDs

• FORS-UP

• CCD231-84, 4K x 4K,15 um pixels, individual detector cryostats, with new controller
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All instruments will use NGCII + ELT software + CCDs
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Teledyne Digital Imaging's recent contributions to astronomy and planetary science

https://doi.org/10.1117/12.3020593

Courtesy: Teledyne Imaging 3-T Unit Cell (SFD)

Hybrid IR detectors (Courtesy Teledyne Imaging)

IR Detectors

https://doi.org/10.1117/12.3020593
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Output buffer glow (resolved with upgraded ROIC) after ESO proof
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Some Performance Issues of IR Detectors

Output buffer glow and its mitigation in H4RG-15 detectors,

https://doi.org/10.1117/1.JATIS.10.2.026007

https://doi.org/10.1117/1.JATIS.10.2.026007
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Some Performance Issues of IR Detectors
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High contact resistance pixels

Cross-hatch pattern Improved cosmetics at lower operating temperature

Effect of contact resistance on shortwave infrared focal plane array noise, 

https://doi.org/10.1007/s11664-024-11296-2

https://doi.org/10.1007/s11664-024-11296-2
https://doi.org/10.1007/s11664-024-11296-2
https://doi.org/10.1007/s11664-024-11296-2
https://doi.org/10.1007/s11664-024-11296-2
https://doi.org/10.1007/s11664-024-11296-2
https://doi.org/10.1007/s11664-024-11296-2
https://doi.org/10.1007/s11664-024-11296-2
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Some Performance Issues of 5.3 um Detectors
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Unit Cell Glow

Buffer Glow Region
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Future Detectors Needs

(beyond ELT)
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Challenges for Optical Detectors

• Low read noise (< 3e- rms), <0.3e rms allow new operation modes 

• Low dark current at operating temperature (~1e/pixel/hour)

• High dynamic range, highest QE possible from 300 nm to 1000 nm (thick silicon for red response)

• Good MTF for both blue and red photons, fully depleted silicon for red 

• Faster readout time to increase SNR efficiency

• At least 4K x 4K format in large pixels (>10 um square), close buttable for compact mosaic focal 

planes

• Optimised AR coatings

• Noiseless binning, time delay integration, windowing etc.
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General Detector Driving Requirements

• For all instruments mentioned earlier,  CCDs are selected for optical and hybridised IR detectors for 

NIR to MWIR wavebands

• Trade off with CCD vs CMOS for MOSAIC ELT instrument, down selected CCDs

• New instruments in the design phase considering CMOS sensors, curved or flat as they offer low 

noise, fast readout, low power, new readout modes and other operational advantages

• Analog CMOS or fully digital CMOS sensors

• Curved sensors for fast and compact optical designs

Detector Technologies - Challenges and future needs for astronomy, SIAPS, 20 - 22 January, Bern
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ESO’s Next Program – Expanding Horizons

• Proposals invited by June 2027

• One proposed future facility by a consortium is WST – A 

Widefield Spectroscopic Telescope

• A baseline design includes detectors ~ 400 of various 

formats: 4K x 4K, 15um pixels, 6K x 6K, 15um pixels 

and 9K x 9K, 10um pixel curved detectors

• Radius of curvature < 250 mm, needs consistency

• Challenges: Sensor trade off, 

control electronics, cryogenics, detector test 

and characterisation, data processing, storage etc.
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Widefield Spectroscopic Telescope

WST – Widefield Spectroscopic Telescope: addressing the instrumentation challenges of a new 12m class telescope dedicated to widefield Multi-

object and Integral Field Spectroscopy https://doi.org/10.1117/12.3018257

https://doi.org/10.1117/12.3018257
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Scope for New Detector Technologies
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Performance Trade-off: CMOS vs CCD 

• Most performance parameters are comparable, a few still to catch up for scientific CMOS:

• High QE in red (thick, high resistivity silicon)

• Low glow, low read noise (global shutter vs rolling shutter), binning, TDI etc.

• Low non-uniformity, low non-linearity, image lag issues for large pixels

• Pixel size, PSF (thick and fully depleted sensors), ADC resolution etc.

• Right packaging for astronomical use, margin for flatness is very low
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Innovations in imaging technology at Teledyne e2v to support future visible, NIR, UV, and x-ray applications 

https://doi.org/10.1117/12.3018898

Courtesy: LBNL

Courtesy: Teledyne Imaging

Courtesy: Teledyne e2v Courtesy: STA

https://doi.org/10.1117/12.3018898
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Curved Sensor Developments for Astronomy

• ESO’s early efforts – first large curved sensor with 

ITL in 2014

• 4Kx4K CCD, 15 um pixels, front illuminated, ~ 200 

um thick

• ~ 200 um thick, frontside

• 500 mm curvature radius, Concave

• Cryogenically cooled

• Characterized before & after curvature with similar 

result
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First results from a novel curving process for large area scientific imagers

Proc. of SPIE Vol. 8453 84531W-10, https://doi.org/10.1117/12.926059

https://doi.org/10.1117/12.926059
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Curved Sensors Developments for Astronomy

• LETI-CEA and CNRS-LAM efforts – Curved CMOS sensors, 

CMV20000

• Sensitive area of 24 × 32 mm2

• Concave and convex, different radius of curvature

• Warm performance compared with a flat sensor

• Measured lower dark current on the curved parts
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Curved detectors for astronomical applications: characterization 
results on different samples. https://doi.org/10.1364/AO.58.002174

https://doi.org/10.1117/12.3018257

https://doi.org/10.1364/AO.58.002174
https://doi.org/10.1117/12.3018257
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Scope for New Detector Developments

• Over the years ESO have funded successful development of Aquarius, Saphira, Large Saphira, 

LVSM detectors and CCD220 with OPTICON

• ESO signed NDAs with several companies to pursue curved sensor program under ESO’s 

Technology Development Program. An RFI is expected to be issued in Q1'26 prior to a CFT

• Plans to evaluate large format fully digital CMOS sensors at cryogenic temperatures

• Following up with ESA on curved sensors and large format NIR detectors (e.g. 4K x 4K, 10 um 

Leonardo APD array)

• Warmer operating temperature, large format, lower cost etc. will be the drivers

• Scope for new controller technologies - fully digital sensors will simplify controls

Detector Technologies - Challenges and future needs for astronomy, SIAPS, 20 - 22 January, Bern
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Emerging New Detector Technologies
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Emerging Optical and IR detector Technologies

• Skipper CCD and Multi-Amplifier Sensing CCDs (parallel skipping)

• Skipper CMOS

• qCMOS

• Superconducting Nanowire Single Photon Detectors (SNSPD)

• MKIDs

• SPADs

Detector Technologies - Challenges and future needs for astronomy, SIAPS, 20 - 22 January, Bern
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Skipper CCD
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• 0.5e- read noise after 256 samples achieved

New advancements in charge-coupled device technology: sub-electron noise and 4096 x 4096-pixel CCDs

https://doi.org/10.1117/12.19452

https://doi.org/10.1117/12.19452
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Fully Depleted CCDs with Skipper - LBNL 
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• 0.2e RON after 1200 samples  in 2012 (Fermi Lab) – x2.5 better, high resistivity silicon

• 0.068e after 4096 samples in 2017 (2nd version)

Single-Electron and Single-Photon Sensitivity with a Silicon Skipper CCD

https://doi.org/10.1103/PhysRevLett.119.131802

https://doi.org/10.1103/PhysRevLett.119.131802
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MAS CCDs – Fast Readout of Skipper CCD 
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• When a pixel is read out of amplifier M, the next pixel is being sampled by M-1 amplifier

• Samples are averaged over the number of amplifiers

Fully depleted charge-coupled device design and technology development

https://doi.org/10.1002/asna.20230072. 

https://doi.org/10.1002/asna.20230072
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Skipper CMOS – ATTRACT Phase-1
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• CEI (OU), UK + ESO - Scope was to design and simulate a pixel design with skipper readout stage and 

maximise the conversion gain for single photon detection

Simulations and Design of a Single-Photon CMOS Imaging Pixel Using Multiple Non-Destructive Signal Sampling

https://doi.org/10.3390/s20072031

https://doi.org/10.3390/s20072031
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Dual Gain Structure for HDR Applications

Detector Technologies - Challenges and future needs for astronomy, SIAPS, 20 - 22 January, Bern

• High gain - 46.8uV/e, 38ke and 2.4 e rms

• Low gain - 15.5uV/e, 114ke and 6.5e rms

High Dynamic Range Pinned Photodiode Pixel with Floating Gate 

Readout and Dual Gain

https://oro.open.ac.uk/92283/

https://oro.open.ac.uk/92283/
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Single Photon Counting CMOS Skipper Pixels
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• Reset and drain at the left, 2x transfer gates, summing gate 

and output gate on the right

• Charge shifted back-and-forth between SG and SN (floating 

gate)

• Finally dump gate (DG) and drain at right

• Reset FET (MR), Source follower (MA) and Row select (MS) 

FETs 

Skipper-in-CMOS: Non-Destructive Readout with Sub-Electron Noise Performance for 

Pixel Detectors, https://arxiv.org/abs/2402.12516v1

https://arxiv.org/abs/2402.12516v1
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Quantitative CMOS

• Photon number resolving by reducing the noise

• Achieve this by optimising the pixel geometry and 

reducing the stray capacitances

• Effective pixel capacitance is less than 1fF
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<White paper> qCMOS: Quantitative CMOS technology enabled by Photon Number Resolving

https://www.hamamatsu.com/content/dam/hamamatsu-photonics/sites/documents/99_SALES_LIBRARY/sys/SCAS0149E_qCMOS_whitepaper.pdf
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SNSPDs

• Time resolved photon counting capability, time-tagging in pico-second resolution, near unity 

detection efficiency over wide spectral range and low dark counts

• Established applications in quantum optical communications, laser ranging, physics and astronomy 

and other fields

• 800 x 500, pixel camera as a proof of concept conceived. Oripov, et al.  

• A superconducting nanowire single-photon camera with 400,000 pixels. Nature 622, 730–734 

(2023). https://doi.org/10.1038/s41586-023-06550-2

• ESO/TechDev program granted time on NTT for ESA/ESOC (European Space Operations Centre) 

for ALGOS (Adapting Large Optical Ground Stations) for Deep Space Optical Communication

• Opens prospective of testing SNSPD camera for astronomical applications at ESO facilities in 

future 

Detector Technologies - Challenges and future needs for astronomy, SIAPS, 20 - 22 January, Bern

https://doi.org/10.1038/s41586-023-06550-2
https://doi.org/10.1038/s41586-023-06550-2
https://doi.org/10.1038/s41586-023-06550-2
https://doi.org/10.1038/s41586-023-06550-2
https://doi.org/10.1038/s41586-023-06550-2
https://doi.org/10.1038/s41586-023-06550-2
https://doi.org/10.1038/s41586-023-06550-2
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LM APDs for Science Imaging in NIR

• ESO funded the development of Saphira, an e-APD for AO applications during 2010 - 2019

• Development of Large Saphira (512x512, 24 um pixels) also funded ESO and UH

• Ike-Pono  is a 1Kx 1K array, 15 um pixels as a demonstrator of low noise, low dark at moderate gain

• ESA funded a 2K x 2K, 15 um pixels called IBEX for space applications, which is currently under test at ESA.
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IBEX mounted in ESA prototype package

High-performance infrared detector developments at the European Space Agency

https://doi.org/10.1117/12.3012032

SDW2022 - On-sky performance verification of near-infrared e−APD technology 

for wavefront sensing and demonstration of e−APD pixel performance to 

improve the sensitivity of large science focal planes. 

https://doi.org/10.1002/asna.20230069

https://doi.org/10.1117/12.3012032
https://doi.org/10.1002/asna.20230069
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ESA NIR Detector Developments

• European supply for large format NIR detectors

• ALFA detector - CEA-LETI and Lynred – 2Kx2K,15 um, ESA funded

• Germanium on Silicon CCDs, extending into NIR, preserving benefits of CCD

▪ Feasibility study underway with Teledyne e2v
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High-performance infrared detector developments at the European Space 

Agency, https://doi.org/10.1117/12.3012032

https://doi.org/10.1117/12.3012032
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Large Format MCT on Silicon IR Detectors

• MCT on Silicon – Potential to reduce the cost of IR detectors, even large formats

• Under development by Centre of Detectors at Rochester Institute of Technology, USA with 

Raytheon Vision Systems, USA for NSF and NASA

• Aims to develop 4K x 6K, 10 um pixels NIR detectors
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Advancing Large Format MCT/Si Infrared Detectors for Astrophysics Research
https://doi.org/10.1117/12.3019111

https://doi.org/10.1117/12.3019111


Summary

• Large format CCDs and hybridised NIR / SWIR detectors will be used for near future 

instruments

• Performance issues of NIR / SWIR detectors presented

• Instruments under design phase consider CMOS sensors, curved or flat 

• Large CMOS arrays, with large pixel sizes are now becoming available

• ESO pursuing with industry for curving optical sensors, an RFI will be issued soon

• ESO is also interested in contributing to developing a European detector supply chain

• MAS / Skipper CCDs or Skipper CMOS are already are promising

• Linear mode NIR APD arrays in large format for science imaging are developing fast!  

Detector Technologies - Challenges and future needs for astronomy, SIAPS, 20 - 22 January, Bern



Thank you!
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