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CASTOR 1m UV space telescope mission 

3 bands: UV (150-300nm), u (300-400nm), g’ (400-550nm) 

3 Large focal planes

Teledyne e2v CIS303 (and CIS120) baselined

CEI involvement

• Detector characterisation and space qualification

• Testing of UV enhancement technologies

• Radiation environment and detector dose simulations

Photon-counting CMOS pixel development

HWO instrumentation

Pollux (High-res spectrograph and spectropolarimeter)

Potential UK instrument (HRI or UVMOS)

Detector development and characterisation

Côté+ 2025
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CMOS Image Sensors are replacing CCDs

Faster read out

In-pixel capabilities

On-chip digitisation

Simpler readout electronics

Lower power consumption

Teledyne e2v CIS300 family detectors

Multi-purpose large format device

9k x 8.6k pixels (can be configured from 

1.5k to 11.5k)

10 µm pixels 

3-sides buttable – 2mm dead space

2 e- noise (hoping to improve this)

8 fps (full frame)

HDR (dual pixel gain)

Radiation-hard design for space, Deep-

depletion

Large area detectors
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Detector testing

Building capabilities to test CIS300

Versatile vacuum test setup 

Allowing for UV and optical testing and 

beamline access

Electro-optical characterisation 

• Gain, noise, dark current, FWC, linearity, 

PRNU, QE, lag, etc.

Optimising operation to improve performance

1000s of parameters (voltages, timings, ADCs)

Space qualification

Proton, Gamma, Heavy-ion
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Single photon detection important for certain science 

cases 

Coronograph, UV spectroscopy, etc.

One method to achieve this is the skipper read-out

Distinguish 1, 2, 3, etc. photons

Skipper CCD can take hours to read out

CMOS skipper-pixel (Stefanov+ 2020)

Skipper process on row of pixels

1000s times faster

Prototype device with skipper-pixel produced and 

delivered

Lab testing started: Skipper operation proved, but no 

results yet

Testing performance, hoping to include in future 

CIS300 device

Photon-counting pixels
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UV enhancement technologies
Teledyne e2v UV enhanced coating

• Low energy boron implantation

NASA/JPL Delta-doping technology

• Multi-layer Beam Epitaxy Boron 

implant

Black silicon technology from Aalto Uni 

/ Elfys

• Etching of nm-sized spikes in the 

surface

• Surface passivation with Al2O3 using 

ALD

• Shown near-perfect QE from 200nm

Performance (QE)

Manufacturability

Garin+ 2020 Setälä+ 2025



7

Quantum efficiency Test at PTB beamline, Berlin

• 40-400 nm

• Very high flux (105 - 106  

ph/pix/sec)

Results not corrected for Quantum 

Yield

• Currently working on measuring this

Black Silicon

Significant drop < 200 nm

• Al2O3 passivation is de-passivated

Lower QE > 200nm than measured with 

other studies

• Looking into possible reasons for 

this

UV coating test results
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Quantum efficiency

UV coating test results
Test at PTB beamline, Berlin

• 40-400 nm

• Very high flux (105 - 106  

ph/pix/sec)

Results not corrected for Quantum 

Yield

• Currently working on measuring this

Delta Doping

Coating optimised for CASTOR UV 

passband (150-300 nm)

Calculations of silicon 

transmittance with native oxide and 

the CASTOR AR coating (courtesy of 

JPL detector group)

• Gives an idea of QY

FUV can be reached with uncoated 

SiO2

Coatings can be optimised for other 

wavelength ranges
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QE Temperature stability

Tests at PTB done at -30ºC

QE setup at CEI for 120 – 1000 nm

Further testing with UV QE setup in 

CEI lab

• Temperature

• Flux

• Long term 

Delta-doping QE stable within measured 

range of -50 to +25ºC
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Pollux detectors

High-resolution spectrograph and spectropolarimeter (see talks by D. Le Mignant and 

C. Neiner)

Current design, so subject to change

5 channels from FUV to NIR

Current baseline is to use CIS303 detectors for 4 channels FUV – OPT, and MCT (H4RG) 

for NIR

• Delta-doped CIS303 detectors would match the format and provide good QE across the 

spectrum

• MCP for FUV would improve FUV QE, solar blindness, etc, but also add a 3rd detector 

technology

CIS will need cooling to about ~200K and MCT to ~100 K

FUV FMUV NUV OPT NIR

Wavelength range (nm) 100-123 101-236 234-472 472-944 944-1888

Spectral resolution > 100k > 75k > 100k > 100k > 100k

Detector format

8192 x 

1024

x 10um

2 tiles x 8192 

x 6144

x 10um

2 tiles x 8192 

x 6144

x 10um

4k x 4k 4k x 4k
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Pollux detector coatings

Working with JPL on delta-doping and UV 

coatings (M. Hoenk , A. Jewell, C. Shapiro)

Many trade-offs depending on importance 

of different wavelengths

FUV (100 - 123 nm)

• SiO2 (no coating): ~30% QE

FMUV (101 - 234 nm): 

• Optimising different parts of the sensor 

using graded AR coating

• AlF3 : 30 - 50% 

• Metal Dielectric Filter (MDF)

• Developed for UVEX LSS

• Up to 80% QE, but very low response < 

110nm 

• Better out-of-band rejection

NUV (234 – 472 nm): 

• Thickness of AR coating can be optimised 

for different parts of the band

• Currently optimised for blue end

Credit: A. Jewell 

(JPL)
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High-Resolution Imager study

UKSA-funded instrument studies – PI: M. Barstow

• HRI and UVMOS studies in parallel

HRI study led by J. Skottfelt

• Science team looking at science requirements

• Engineering team from RAL space,  UKATC, Durham, 

Cambridge

• International participation (France – Astrometry, NIR)

Use of UK Concurrent Design Facilities (CDF) –

Portsmouth, Leicester

Detectors

• Very broad UV/Vis range + MCT arm for NIR

• A lot of work with optimising coatings

• Resolution (5 mas) and FoV (6 arcmin) give 72k x 72k 

pixels or over    5 Bn pixels, so some trade-offs must be 

made

Scowen+ 2025
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Summary

CMOS detector testing and characterisation are ongoing

• CIS300 from Teledyne e2v – Large area multi-purpose device

• Candidate for several HWO instruments

Photon-counting CMOS pixel design

• Pixel concept proven, but more testing is needed

• Hoping to include in future versions of CIS300

Testing of UV enhancement technologies

• Several technologies, but Delta-doping seems most promising

• Work with JPL on optimising UV coatings

• Hope to make FUV silicon devices feasible

HWO instrument studies

• Pollux detector work

• HWO HRI instrument study starting



Thank you
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