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Who are we?

• A combination of UV technologists and astronomers who are 
excited about the potential of HWO


• A cross-section of career stages - from graduate students to 
retired experts


• A broad multi-institution collection - contributors from 
Universities, NASA centers, and industry



Why this working group?
• The road to HWO is both really long (work wise) and surprisingly 

short (time wise)


• Crucial to capture the current state of UV technology


• Want to document and address some past concerns & experiences


• Demonstrate current state of the art


• Instrumentalists are surprisingly (not that surprisingly) mediocre at 
publishing things. Building things? Great. Documenting that? A… 
little less great.



…People have big 

UV-related feelings

• Some of these are very grounded in past experiences (I do fiber 
development, i know about technology grudges).


• Some of them are just historical - if folks aren’t involved in 
current efforts they have less context for what’s possible


• It has been less than 30 days since someone told me the 
ultraviolet (as a bandpass? as a state of mind?) was “dead” or 
“dying” or “in danger”



Main HWO takeaways
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Take aways
• Both planetary characterization and the circumgalactic medium (key science 

drivers) require pushing down to the 100nm cutoff.


• Current coatings reach nominal desired (reflectance) values in the UV.


• Electron-beam lithography is our most promising UV grating technology and 
has been tested sub-orbitally.


• Several mature UV detector technologies are available and flight qualified 
(with several more in the wings). There is room for performance 
improvement - this will especially benefit the transformational astrophysics 
goal of HWO.


• Contamination must be controlled at the systems level and the component 
level. We capture the wealth of knowledge on this topic to provide a strong 
start for HWO.


• Several multiplexing technologies have been space qualified. When 
combined with UV coating development, there is a very exciting path to a 
multiplexed UV instrument.



Key Science: 

Atmospheric Characterization

Drives a short wavelength cutoff of 250nm for direct imaging and low 
resolution spectroscopy targeting O3



Key Science: 

Atmospheric Characterization

The 102-115 nm range includes unique spectral tracers of portions of 
the host star chromosphere and coronae.

Elements traced by  100-115 nm are also critical for characterizing 
protoplanetary disks



Key Science: 

Circumgalactic Medium

100 - 120 nm captures OVI (103.2nm) at z > 0.1 and Ne VIII 
and Mg X at z > 0.5



Key Science: 

Circumgalactic Medium

• Enables Baryon Census


• Multiphase metals census (including OII, OIII, OIV)


• Mapping nearby - lower redshift, deeper UV, better spatial resolution


• Includes high ionization lines usually considered X-ray only like Ne VIII 
(77.5 nm), Mg X (61 nm), Si VII (50nm)

100-200 nm



Hardware Development



Coatings
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Coatings
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Figure 35: Reflectivity of two XeLiF samples (ID 09 and 11) both fresh and aged (18 and 12 weeks,
respectively).

of XeF2 for a few seconds. An important detail is that all are carried out at ambient

temperature.

After the mirror coating fabrication, optical characterizations are performed with

a spectrometer and measurement configurations that have been described elsewhere

(M. A. Quijada, D. R. Boris, J. del Hoyo, E. J. Wollack, A. C. Kozen, S. Walton,

and V. Dwivedi (2018). The estimated absolute reflectance error is ± 1%. FUV

reflectance data were measured immediately after deposition, and then again after

several weeks of storage in a desiccator with a relative humidity of 40%. These

samples were also characterized with ellipsometry to derive thickness and optical

properties (in the 200�2500 nm range) of the ALF3 layers as well as Atomic force

microscopy (AFM) to study the surface roughness and topography of each sample

in two fields of 500 nm ⇥ 500 nm and 5 µm ⇥ 5 µm size. Figure 35 displays FUV

reflectance for two examples of Al/LiF mirrors fabricated with the rPVD described

above. The LiF thicknesses of samples 09 and 11 are ⇡ 22.9 nm and are optimized to

provide the higher reflectivity at the Hydrogen Lyman ↵ line (121.6 nm), which is one

important diagnostic for astronomy and often used as a reference. Among the highest

reflectance values reported at 122 nm wavelength, Refs. (M. A. Quijada, S. Rice, and

E. Mentzell (2012); L. V. Rodŕıguez De Marcos, J. I. Larruquert, J. A. Méndez, N.

Gutiérrez-Luna, L. Espinosa-Yáñez, C. Honrado-Beńıtez, J. Chavero-Royán, and B.

Perea-Abarca (2018)) demonstrated ⇡ 0.90 � 0.91 with Al/MgF2, Refs. (Oliveira

et al. (1999); S. Stempfhuber, N. Felde, S. Schwinde, M. Trost, P. Schenk, S. Schröder,

and A. Tünnermann (2020); J. I. Larruquert, C. Honrado-Beńıtez, N. Gutiérrez-

Luna, Á. Ŕıos-Fernández, and P. López-Reyes (2021)) demonstrated ⇡ 0.90�0.91

with Al/AlF3, and Ref. [Quijada et al. (2014)] showed ⇡ 0.90 with Al/LiF. Most of

these works used high-substrate temperatures; exceptions are in Ref. (L. V. Rodriguez

de Marcos, D. R. Boris, E. Gray, J. G. del Hoyo, A. C. Kozen, J. G. Richardson, S.

G. Rosenberg, S. G. Walton, V. Wheeler, E. J. Wollack, J. M. Woodward, and M. A.

Technology development with XeLiF capping procedure provides 
robust humidity protection



Coatings

The absence of TRL 9, even for coatings that have flown, emphasizes 
that any coating used will require scaling up, polarization 

characterization, and adequate uniformity - a new set of requirements 
for HWO



Detectors - MCPs
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tive materials present in the glass (e.g., 40K) and have˜2% detection e�ciency for

gamma-rays because of the Pb in the glass (Schindhelm et al. 2017).

The advent of atomic layer deposition (ALD) has opened the door to new MCP

manufacturing techniques which have shown improvements to MCP performance.

ALD is ideal for coating high aspect ratio parts, such as MCPs, and is compatible

with materials demonstrating high secondary electron yield (Jokela et al. 2011). These

coatings have been applied to Pb-glass MCPs, for example, the MCPs used in the

JUICE-UVS (Davis et al. 2021), to achieve better gain and detector lifetime, but

the MCPs still retain the mechanical properties and background characteristics of

conventional MCPs.

New technology Borosilicate glass MCPs utilize ALD to provide both resistive and

emissive surfaces. They have many advantages over traditional Pb glass MCPs, in-

cluding more mechanical robustness (larger formats of 200mm have been successfully

flown), very low intrinsic background (minimal radioactive content), a factor of 3 re-

duction in gamma-ray detection e�ciency (no lead), and significantly improved gain

stability. ALD MCPs with large-area formats (12 ⇥ 12 cm2 with 10 µm pores, up to

20⇥ 20 cm2 with 20 µm pores), and very low background rates (<0.05 events/cm2/s),

extended lifetimes (>4⇥1013 events/cm2) without degradation have been made (Sieg-

mund et al. 2013; Ertley et al. 2018). Historical mission data shows that the in orbit

background (for LEO) is strongly a↵ected by the mass of the satellite converting

galactic cosmic rays to local radiation background. ALD borosilicate MCP technol-

ogy should also help reduce these contributions for both the pre-launch and in orbit

backgrounds.

Figure 19: Background for LEO MCP detectors (Siegmund et al. 2020)

Photocathodes—The conversion of photons to electrons by the photocathode and

photoelectron detection by the MCP determine the MCPs’ QE (Siegmund et al. 2011).

The photocathode can be deposited on a window directly in front of the MCP (a

proximity-focused semitransparent cathode) or directly onto the MCP (opaque mode)

(Jelinsky et al. 1996; Tremsin & Siegmund 2001; Larruquert et al. 2002; Tremsin &
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Figure 20: 20 x 20 cm Microchannel Plate with XDL readout for the DUCE rocket program.

Figure 21: INFUSE (2023) 100 mm XS Detector with 25µm resels.

Siegmund 2005; Ertley et al. 2017). Opaque alkali-halide photocathodes are widely

used for EUV/UV sensors, as are semitransparent multi alkali photocathodes for NUV

detectors. EUV/UV photocathodes have broadband response with e�ciency peaks

at wavelengths where photoelectron emission maximizes. These reach to more than

50 percent DQE around 100 nm, more than 60 percent at about 500 nm, and over

70 percent around 12 nm depending on the material chosen. NUV DQE is somewhat

lower at about 30 percent at 180 nm for bialkali photocathodes. Alkali-halide (CsI,

KBr) opaque photocathodes on MCPs obtain high QE (50% at ⇠110 nm) and have

broadband sensitivity from 10 nm to 160 nm.

Readout Techniques—Cross delay line, and more recently cross strip conductive pat-

terned anodes are often the choice for UV MCP imaging detectors. These anode

schemes derive photon event centroid positions from the charge distribution that an

event produces across a set of strips in an MCP amplified detector. The incoming

photon produces a primary electron(s) from the photocathode. Each photoelectron

is then multiplied within the pores of a microchannel plate pair and the resulting

electron cloud is collected on two orthogonal sets of metal strips that form the anode.

To obtain an accurate event position the size of the electron cloud is optimized so

Heritage performance + flight qualification

This mass related impact (satellite converts galactic cosmic rays into local 
background radiation) is improved with recent ALD borosilicate MCP 
updates



Detectors - CCDs

QEs as large as 50-60% are possible with 3-4 
orders of magnitude out of band rejection

31

Figure 23: Delta-doping involves a doping layer to a back-illuminated silicon detector, which
eliminates an electron well in the detector surface. The result is silicon detectors sensitive in the
UV. The QE can be further increased by the addition of anti-reflection coatings. In the figures, solid
lines are models, markers are measurements (Hoenk et al. 2022).

cause delta doping is a back surface process, it is agnostic to the readout structure

and silicon detector architecture and essentially any silicon detector can become UV

sensitive, allowing the mission to benefit from the very large commercial pool and

latest designs in silicon detectors.

With photo-electrons e�ciently collected in silicon detectors through delta doping,

the QE can be further tailored by the addition of anti-reflection coatings or filters for

out of band rejection. QEs as large as 50% to 60% are possible, with nearly 3-4 orders

of magnitude out of band rejection with bandpasses whose location can be arbitrarily

chosen.

Because the resulting detectors are not solar-blind, UV photometry observations of

optical/IR-bright objects will detect photons over a broad spectral region. Detailed

models of the out-of-band response of the filter as well as the target are necessary to

understand if delta-doped detectors can be used in a given application.

Architecture variants (CCD, CMOS, Photodiode arrays or Hybrid SiPIN detectors (e.g.,

HyVisi))—Solid-state Silicon devices all rely on similar architectures- a pixel for

photo-electron collections, either directly connected to a readout amplifier in the

case of CMOS devices or coupled to neighboring pixels in the case of CCDs. For a

CCD, at least one and up to tens of readout amplifiers are used for reading out the

charge in all pixels in a single device. The CCD architecture has been the overwhelm-

ing detector choice for visible wavelength and ground based astronomy. CCDs have

longer readout times than CMOS devices but have historically had lower noise in

the amplifier, and fewer amplifiers per device make image processing more straight-

forward. In recent years, CMOS devices have advanced such that the read noise in



Take aways
• Both planetary characterization and the circumgalactic medium (key science 

drivers) require pushing down to the 100nm cutoff.


• Current coatings reach nominal desired values in the UV.


• Electron-beam lithography is our most promising UV grating technology and 
has been tested sub-orbitally.


• Several mature UV detector technologies are available and flight qualified 
(with several more in the wings). There is room for performance 
improvement - this will especially benefit the transformational astrophysics 
goal of HWO.


• Contamination must be controlled at the systems level and the component 
level. We capture the wealth of knowledge on this topic to provide a strong 
start for HWO.


• Several multiplexing technologies have been space qualified. When 
combined with UV coating development, there is a very exciting path to a 
multiplexed UV instrument.



What comes next? 
• Process level (material physics) development (polarimetry 

performance of coatings, for example)


• Technologies need to scale up in aperture. We need to support 
facility to begin testing these larger scale components.


• Shifting modes from proving components to developing production 
lines and systems development and testing.


• Development of laboratory prototype testbed instruments


• Investment beyond APRA (sub-orbital) missions


• Technology Demonstration Missions (smallsats/pathfinders) to do 
systems level testing and provide early-career mission training

We suggest….



What comes next? 
That’s up to you.

• GOMAP START and TAG efforts are underway


• UV rockets, cubesats, and smallsats are at every stage of 
development


• Coordination with the Coronograph/Exoplanet group is on going, 
including potential shared testbed facility development

Check out the UVSTIG/Mine/Mind the Gap Sessions on Tuesday!


9:30-11:30am, 1:30-3:30pm (Room R07)


