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The outstanding physical properties of diamond make it the ultimate material for the efficacy of the CO, lasers used to fuel the EUV light source. The
efficacy of the laser is strongly influenced by the beam quality of the CO, laser and depends strongly on the surface quality of the optical components
used in the CO, laser and beam delivery system. Achieving high flatness values on diamond exit windows is not trivial so new manufacturing processes
are required. To achieve high flatness values on diamond, a new deterministic polishing method based on a reactive ion beam process has been
developed for CVD diamond substrates in close cooperation with Element Six, a leading company in synthetic diamond technology. Optical quality
diamond wafers can be grown with sizes of up to 135 mm diameter. When processed with ion beam figuring, flatness values of PV< A/20 @ 633 nm
have been achieved reproducibly, values not realized on diamond surfaces before. For transmissive optics, transmitted wavefront (TWF) values of a
few tenths of fringes @ 633 nm have proven to be well within the capability of this new process technology as well. The development of a specific ion
source has ensured throughput times to better than those known from more traditional polishing techniques.

IBF Basics — lon Gun IBF of Transmissive Diamond Optics D = 80 mm
* RF coupled Argon plasma discharge (40 W ... 150 W) * CAIBF (Chemical Assisted lon Beam Figuring) process
* Focusing 3-grid system with low beamlet divergency * Two beam sizes for high efficient processing: 11.5 mm & 4.5 mm

* Energy: 300 eV ... 1600 eV * Calculation of material to be removed from transmitted wavefront

* Current: <1 mA ... 60 mA measurement:

hremove (x» y ) — hTWF (x: y )/ (nair — ndiamond)
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e Gaussian shape ion current distribution FWHM:
e Different grid systems: 6mMmmM...30 mm * First IBF Process: FWHM ion beam 11.5 mm, 18:40 h processing time
o Sma" apertures: 0.5 mm .. 4 mm . Simulation Input, PY = 202960 nm IQDDD . Sirulation Output, PY = 333.55 nim . Simulation Removal, PY = 186534 nm I
* Volume material removal for diamond using chemical assisted ion beam
prOCESS: 400 11000 400 400 - 11000
* <0.00001 mm?*min ... 0.2 mm3min I I

IBF Basics — Deterministic Processing

* Long term stable ion beam removal © | l =) " M.
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t(x,y) = Ah(x,y) *7(x,y)
- Second IBF Process: FWHM ion beam 4.5 mm; 21:30 h processing time,
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Measurement of lon Beam
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Result Measuremen t, P% = 213.558 nm

Reference Measuremen t, P = 450.29 nm Real Removal, P = 28913 nm
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processing time (i.e. for precision optics) P . N I -
- Generation of synthetic surface topologies T Poys o Sy o :,,T(‘(,"_ . £
* Exact determination of removal function IEPRL . AR ¢ A Rvis = 42.8 nm (0.14 fr)
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