X-RAY AND UV REFLECTION GRATING DEVELOPMENT
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FABRICATION BASIS
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STATE OF X-RAY REFLECTION GRATINGS

Tier | 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

tREXS; semi-passive alignment,
36/module
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Tutt+19; active alignment,
26 in one module
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TASTE: McCoy+20; =60% average total efficiency, =90% relative efficiency



STATE OF X-RAY
REFLECTION GRATINGS

Primary focus in active development:
replicating and co-aligning many gratings

cure resist

—

Verschuuren+ |8; substrate-conformal imprint

lithigrpahy (SCIL) — autoSCIL tooling allows hundreds

of replicas per day

NewAthena-like
direct bonding for
grating stack
alignment

1. Wedge Manufacture

3. Grating Replication

Resist Developer
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4c. Resist Development

SC-1 Solution

2a. RCA Clean

[ Resist

4a. Resist Deposition

Metal

4d. Metal Deposition

5. Resist Deposition

8. Plate Formation

6. Rib Manufacture

Resist Strip / SC-1 Solution

9. Resist Strip + Plate Clean
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7. Stress Relief

Final Plate

McCoy+25; production of wedged and ribbed grating replicas




STATE OF UV REFLECTION GRATINGS

Tier | 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
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5 * Location | Measured Period | Design Period | Difference
(mm) (nm) (nm) (nm)
Top: IBE-blazed grating with 5000 lines/mm and 20 degree blaze angle 0.5 134.1 £ 1.3 133.5 0.6
20 138.1 £ 1.9 137.4 0.7
Bottom: TASTE grating with 1000 lines/mm and =1.5 degree blaze angle | 25 139.3 £ 2.0 138.5 0.8
35 141.4 £ 0.7 140.6 0.8
i 45 1434 + 1.6 142.8 0.6
P e e , 65 147.2 + 1.1 146.9 0.3

Kruczek+22/26; 63-degree blaze echelle grating, 89 lines/mm,
>80% FUV peak-order groove efficiency

75 149.5 £ 1.5 149.1 0.4
78 150.3 £ 2.6 149.7 0.6

See also: EBL Pollux prototype Grise+21; high ruling density, aberration-

correcting profile for ESCAPE concept



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

See Grisé poster on UV grating fabrication and
Miles poster for more X-ray/UV details
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