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*but first a review of HWO-enabling UV technology

For more on IFS designs and technology, See: 
A. Haughton (talk Monday)
A. Ochoa (talk Thursday)

B. S. Kameda (talk in 24.75 minutes)
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ÅUpper Air Laboratory ς1948

ÅBecame LASP in mid-мфслΩǎ

ÅSent instruments to all 8 planets + 
Pluto + Sun

ÅSpecialists in UV instrumentation, 
dust, Solar System, Solar Flares

ÅUniversity of Colorado led FUSE 
and HST-COS instruments, UV 
CubeSats, and HWO UV Tech
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The State of Technology for <˂ 1300 ᴠ
(and above)

ÅMirror coatings ςstatus, compatibility with High 
contrast imaging, and bandpass filters

ÅDetectors, near and far (UV) ςoptions and needs

ÅGrating ruling methods ςlow scatter, high 
efficiency for high spectral resolution and IFUs

ÅSpectral multiplexing and integral-field 
spectroscopy 



UV Mirror Coatings 

ÅNeeds for the UV
ÅHigh reflectance at 102 nm
ÅResilience to humidity
ÅScalable to > 1m
ÅCharacterized uniformity and polarization for high 

contrast imaging (selectable SAT)

Sometimes to coat something with an experimental coating, you need to also be able to remove failed attempts or other 
coatings. This is us removing chrome from a grating. Source ςL. Rodriguez de Marcos (GSFC)
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Sample Roughness
Initial 

Roughness

Hole/Grain 

 Coverage

LiF+Al 18.8 nm 1.4 nm 3.4%

Prot. eLiF 2.8 nm 1.2 nm 16.4%
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INFUSE XeLiF (optimized for 115 nm)
SPRITE eLiF (optimized for 103 nm)
FUSE LiF
MgF2+Al (HST Coating)

Lyman UV UV Mirror Coatings 

ÅStatus and Development
ÅProtected eLiF: Al + LiF+ MgF2 (ALD)

Å Developed over 8+ years under several programs
Å Quijada et al., 2014, Fleming et al., 2017, 

Hennessy et al., 2016, 2018

ÅMatured on small programs (SISTINE, 
INFUSE, SPRITE)

ÅXenon-enhanced LiF+Al(XeLiF)
ÅDeveloped as an extension of 

suborbital program efforts
Å Quijada et al., 2022, Haughton et al., 2025

ÅMatured on suborbital programs 
(INFUSE, SPRITE, FORTIS)
ÅIn process of being scaled to ~ 1.5m 

capability at GSFCSPRITE mirrors, protected eLiF. Bare LiFwould degrade ~ 20% at 103 nm



UV Mirror Coatings ðBandpass filters 

ÅMedium-band reflective filters for HWO imaging
ÅMultilayer coatings for imaging in the FUV (López-Reyes et al., 2024)
ÅIncluding 110 nm with minimal Lyman alpha leak

ÅDeveloped for flight testing on FLUID sounding rocket (Farr et al., 2024) 
ÅPotentially enabling for new capabilities beyond ACS/WFC3

FLUID rocket ςN. Kruczek(LASP)



Far-UV Detectors

NUV/vis:  A delta doped 8-
Megapixel CMOS imager (PI ς
M. Hoenk)

FUV/NUV Si detectors:  delta 
doped 4k x 4k CMOS array for 
UVEX (PI ςF. Harrison). 160-
260nm delta doped CCDs for 
SPARCS (PI ςE, Shkolnik)

MCP detectors for FUV: Buttablelarge-format 
detectors (COS-like) for imaging spectroscopy 
(SISTINE ςPI K. France) and large format high 
count-rate photon-counting detectors for IFUs 
(INFUSE). Count rates < 3 x 10-6 count/pix/s



Far-UV Detectors

ÅDevelopment for HWO:
ÅWe always want better detectors
ÅSolid state devices are optimal for bright sources and 

the NUV
Å Good QE (50-60%) to get to SNR > 50 quickly
Å Cooling is challenging for the FUV (HST WFPC2)
Å EMCCD/Skipper developments are getting closer to 

photon-counting
ÅMCPs are optimal for low brightness sources in the FUV
Å Improving QE (~ 30-50%), but exceptionally low 

dark rates, solar blind
ÅCompatible with very long integrations (e.g. SNR ~ 5 

in 100 hours)
ÅHigh TRL ςmany heritage missions 



Grating Technology

ÅNeeds for the UV
ÅLow grating scatter is essential!
ÅTypically holographically ruled
ÅChallenging for echelle/low period gratings

ÅBlazed profiles for enhanced efficiency
ÅEasy for moderate resolution, but challenging 

for low resolution (small blaze angles)
ÅCompatible with modern mirror coating methods
ÅScalable to at least 200 mm diameter, 

curved/freeform substrates

Source ςF. Grisé(PSU)



Grating Technology - Echelle
Status of full CHESS grating: 

The full-size (60mm x 60mm) CHESS grating has been fully processed and shows apex plateaus of ~0.4 

microns. Groove fidelity and etch uniformity both appear to be excellent based on SEM imaging. 

However, there appears to be a scum layer of SiO2 to an unknown extent (the re-deposition appears to be 

worse on bare silicon than on the grating itself). We will be interested to see whether this layer is 

noticeable in your beamline testing and, if so, whether coating a layer of reflective Au will nullify any 

impact of the SiO2.  

 Figure 4: Photograph of diced 60mm x 60mm CHESS grating sub-mounted to carrier wafer. Grating was 

diced to have additional 5mm x 60mm silicon edge to be used for handling. Some SiO2 scumming is visible on the 

silicon edge. 

 

Development Takeaways: 

1. Traditional ebeam exposures become problematic with densities <200-300 grooves/mm when 

also trying to minimize plateau size. Small duty cycles coupled with large groove spacing can 

lead to a fogging effect.  

2. Development of alternate ebeam resist avoids fogging but is problematic for etching due to the 

unexposed resist converting to SiO2 after exposure and resist development. 

3. Beamline testing should indicate degree to which SiO2 layer from #2 is prohibitive to future 

development efforts. 

4. Traditional ebeam resist (#1) can still be used if final grating is an inverted replica of the etched 

master. We do not yet have a reliable outlet for this processing but will continue to pursue 

replication avenues for future work.  

 

STIS E140M

Kruczeket al., 2022

ÅEtched silicon echelle gratings: 
VHigh efficiency (3x STIS)
VLower scatter Ṃ1%
V!ōŜǊǊŀǘƛƻƴ ŎƻǊǊŜŎǘƛƴƎ ǎƻƭǳǘƛƻƴǎΧΚ

CƻǊ ǘƘƻǎŜ ǘƘŀǘ ŘƻƴΩǘ ǎǇŜŀƪ ƛƴǎǘǊǳƳŜƴǘ ςŜŎƘŜƭƭŜΩǎ 
are how you get R > 100,000!



Grating Technology

N2 absorption bands!



Grating Technology
Shadowed region 

(Mirror/coating/structure Scatter)
SPRITE detector is < 75 mm from M3

Grating Scatter 
(7x mirror scatter)

N2 absorption bands!

NOT background subtracted ςMCPs are photon counting



Grating Technology

MgF2 Cutoff

Shadowed region (how we know the 
scatter comes from the grating)

HST-COS
~ 1.6 x 10-5ᴠ-1 I/Io, but only considers 1-dimension

(Osterman et al., 2002)
SPRITE

Limit ~ 7.0 x 10-7 ᴠ-1 I/Io (total) for a 1D spectrum
Very similar to COS!

Grating Scatter



Multiplexing for a MOS and IFU

My #1 claim to fame and glory Figures ςNASA and NIRSPEC
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New Missions that enable a HWO IFS
ό/ǳǊǘŜǎȅ ƻŦ b!{!Ωǎ ǎǳō-orbital and SmallSatPrograms)

Sounding rockets, balloons, and CubeSats* push technology 
to new places. The HWO UV coatings, detectors, gratings, 

and potential IFS designall would not exist as they do now 
without suborbital programs

*CubeSats tend to be more risk-averse and may better suited for flight testing and incremental 
advancements than truly low TRL development. My Opinion - happy to talk offline



How to spend grad school in style ð
Push-Broom Mapping!

Push-Broom mapping with a long-slit: 
1. Place slit across an extended object
2. Expose to Texp

3. Step by ~ 90% of a slit width
4. wŜǇŜŀǘΧ ǊŜǇŜŀǘΧ ǊŜǇŜŀǘΧ 



How to spend grad school efficiently ð
Get time on an IFS

MUSE - Image: ESO



FUV/NUV High sensitivity/FoVIFS 
[ŜǘΩǎ ǘŀƭƪ ǘƘƛǎ

In-development FUV/NUV IFS sounding rocket

In-development re-configurable FUV IFS
A. Ochoa talk Thursday

Existing FUV IFS ςA Haughton talk Monday

In-development MOS/IFS

See also Shingo Kameda talk 
next on JAXA design efforts

New Missions that enable a HWO IFS



FUV IFS ðA recipe 

An Image Slicer based IFS design is ideal for HWO, as it is: 
(A) All reflective, (B) Efficient, and (C) has recent flight heritage

Array of 
Gratings
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1. The number of spectra that can fit on a detector is set by the 
detector area/resolution available

Long Slit Spectrograph

A slit of length X designed to fill the detector height 
with one-dimension FoV, and width with N spectra. 

N is X divided by the resolution (Res). 

N = X/Res  

Integral-field Spectrograph

A set of M slit-like mirrors with the mirror heights 
(X1) designed so that the  M spectrograms fill the 

detector height with N spectra.

N = X1 * M/Res  

Wider, but also 
ǎƘƻǊǘŜǊΧ 

FUV IFS ðA recipe 



An Existing IFS ðINFUSE (2023)

INFUSE records 4000 
individual 1D spectra at 
a time over a 2.4 x 2.6 

arcminute FOV

See Witt et al., 2023, Haughton et al., 2025


