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Task 3.3: Deterministic Figuring Techniques



Ion beam figuring (IBF) system at Diamond

• In-house developed (design, construction and 

commissioning)

• Research tool which can be modified and improved 

to suit our exact requirements

• On-board metrology for rapid turnaround between 

measurement and figuring loops

• Benefits from excellent in-house metrology facilities

• Transportable to B16 Test beamline for combined X-

ray at-wavelength metrology and IBF processing

❖ Ion beam figuring and optical metrology system for synchrotron x-ray mirrors, Matthew Hand, et al, Proc. SPIE, 11109, 111090A (2019)

❖ Ion beam figuring for X-ray mirrors: history, state-of-the-art, and future prospects. Shurvinton, R. et al. Journal of Synchrotron Radiation 31, (2024).

❖ Sub-nanometre quality X-ray mirrors created using ion beam figuring. Majhi, A. et al. Journal of Synchrotron Radiation 31, (2024).



Sample 1: 230x50mm Si curved mirror

• Mirror surface is slightly 
curved (RoC ~ 780m)

• IBF was used to correct 
mirror to perfect best-fit 
cylinder

• Initial height errors:        
205 nm P-V, 32.3 nm 
rms

Mirror shape: 
trapezoidal

Clear aperture: 
205x16mm

Initial surface

Best-fit cylinder

Residual from cylinder



Sample 1 figuring results

• Height errors were 
successively reduced 
after three iterations of 
IBF

• Successively smaller 
beam size was used 
(10x20mm -> 10mm -> 
5mm)

• After third iteration, 
height errors were 21.2 
nm P-V, 3.8 nm rms

Initial

Iteration #1

Iteration #2

Iteration #3



January 2023 IBF Update - Optics & Metrology
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PV: 227 nm RMS: 40 nm

PV: 126 nm RMS: 5.7 nmPV: 120 nm RMS: 0.8 nm(After 3rd iteration)

Before correction:

➢ Height error reduced from 40 nm rms to 0.8 nm rms in the active area 67mm×17 mm after 3rd iteration

➢ The slope error reduced to 230 nrad rms in the centre region of the mirror in the active length 60 mm

2D correction in Trapezoid mirror July -2023

(After 2nd iteration)



Sample 2: 50x20x5mm Si flat mirror

Initial height errors:

38.5 nm P-V, 6.69 nm rms

Initial slope errors: 

425 nrad rms slope error

Post-IBF height errors:

5.20 nm P-V, 0.756 nm rms

Post-IBF slope errors: 

96.7 nrad rms slope error

Initial surface figure Post-IBF surface figure

1 iteration of 
IBF process

• Height and slope errors were successfully corrected using a 5mm beam
• Total dwell time: < 34 minutes

Clear aperture size: 44x18mm

April -2024


