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FABRICATION BASIS
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1) Deposit process layers 2) Pattern EBL Resist
3) Descum and RIE through 

resist and etch masksElectron-beam 

lithography 

(direct write)

4) Transfer pattern into substrate 

with RIE

5) Strip etch mask

6) Blaze grating with direction ion-

beam etching (IBE)

Ion-beam etching

Thermally activated selective 

topography equilibration 

(TASTE)

Blazed grating 

production
KOH etching

=	 =	 =	 =	 =	

4) O2 etch to remove remaining 

EBL resist, then BOE bath to 

remove oxide

5) Anisotropically etch Si substrate 

in KOH solution

6) HF soak to remove Si3N4 

hardmask

<111> Crystal 

Planes



STATE OF X-RAY REFLECTION GRATINGS

Tier 1 Tech Gap: high-efficiency (>45%), large-format X-ray 

grating arrays with high spectral resolving power (R > 7500) 

in soft-X-ray band 

→ High-volume replication

and alignment of high-

performance gratings

KOH: Miles+18; ~60% average total efficiency; ~90% relative efficiency

McEntaffer19; R ≈ 8000, system/telescope limited 

TASTE: McCoy+20; ≈60% average total efficiency, ≈90% relative efficiency

Tutt+19; active alignment, 

26 in one module

tREXS; semi-passive alignment, 

36/module



STATE OF X-RAY 
REFLECTION GRATINGS

Primary focus in active development: 
replicating and co-aligning many gratings
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Verschuuren+18; substrate-conformal imprint 

lithigrpahy (SCIL) – autoSCIL tooling allows hundreds 

of replicas per day 
McCoy+25; production of wedged and ribbed grating replicas

NewAthena-like 

direct bonding for 

grating stack 

alignment



STATE OF UV REFLECTION GRATINGS
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Tier 1 Tech Gap: high-efficiency, low-scatter, high- and low-ruling-density, high- and low- blazed-angle UV gratings

→Custom gratings for wide range of applications

Grise+21; high ruling density, aberration-

correcting profile for ESCAPE concept

Top: IBE-blazed grating with 5000 lines/mm and 20 degree blaze angle

Bottom:  TASTE grating with 1000 lines/mm and ≈1.5 degree blaze angle

Kruczek+22/26; 63-degree blaze echelle grating, 89 lines/mm, 

>80% FUV peak-order groove efficiency

See also: EBL Pollux prototype

France+19; 4-degree blaze angle with ≈70% 

peak-order EUV efficiency



SUMMARY AND PATH FORWARD

• Individual X-ray reflection gratings are capable of meeting requirements for next-gen X-ray flagship 

missions

• Focused development on manufacturing pipeline: high-performance grating masters, high-volume 

replication, and efficient alignment

• UV gratings demonstrating high efficiency for high- and low-blaze angles, patterning from ≈90 – 9000 

lines/mm, and aberration-correcting groove layouts

• Active SAT program for IBE/TASTE development, and several proposed infusion opportunites
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See Grisé poster on UV grating fabrication and 

Miles poster for more X-ray/UV details
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