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Abstract

3rd and coming 4th generation synchrotron facilities, in which coherent hard X-rays can be utilized, encourage the realization
of new instrumentations such as coherent imaging, scanning microscopy with diffraction limited resolutions. To establish ad-
vanced optical systems for such new instrumentations, unprecedented degree of accuracy is required especially in reflective
optics. In this report, plasma chemical vaporization machining and elastic emission machining, which are fabrication methods
having sub-nanometer accuracy in large-scale figuring and are actually utilized to fabricate ultraprecise X-ray optics used in

Spring-8, are introduced.
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Resctive powder particles are transpoeted 1o work surface
by a nozzle jet flow of yi@apune water (UPW).
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e Work suface automatically latenad,

Figure 1. Atom removal process in EEM.
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Figure 2. Photograph of numerically controlled EEM.
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(a) Pre-machined surface (As-received wafer surface)
RMS : 0.183nm, Ra : 0.146nm

L]
50 g

(b) EEM surface (removal depth : 2nm) RMS : 0.100nm, Ra : 0.078nm

(c) EEM surface (removal depth : 8nm) RMS : (0.087nm, Ra : 0.068nm

Figure 3. AFM observation of EEM surface of Si(001).
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Figure 4. Power Spectral density curves of Si(001) surfaces with

and without EEM finishing.
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Figure 5. Typical EEM head for figuring.
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Figure 6. Typical profile of stationary removal.
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Figure 7. Procedures of numerically controlled figuring.

IZHEDL DD THL T &b, HAFIERE 2T Tl
RN ENEE L DT S5y VT FERE IS E ]
BETHHIEIEE D ETLE,

Fig. 5%, EMEHI#H EEM I W A {REMN L/ Lo
B &EMoOFEOBERL T\5, Fig. 6%, 2D/
ANWHERNSZ EIZ L > THLNLEIEINTIROBIK TH
Bo BAEHITNCEE S S TERBIKOFIH%Z Fig. TR 7,
BN LR & LB CRHlL, CoF5—x & HE
ROF—Z a2 —R—ICANL, TOEZLENT
B & LT, Fig. 6 OF LM THEPREEDT a VR
2=V aVICkY, FETO /) VOREERRE B
4%, Fig. 813, 7S A CVMIC k> TINL 3N/

E
£
g
H
g
a
.ba
L
0 20 40 60 80
Pasition (mm)
(a) Before EEM processing
E 4
E 2
] N"\'AM 'Aw SN P Porr N ‘_“__J"\-._
B e AN
&2
o 20 40 60 80
Pasition (mm}
{b) After EEM processing

Figure 8. Profiles before and after EEM processing.
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Figure 9. Removal mechanism of PCVM.

MEZROIGREZ & Ch AR EFIEH EEM hnTa HwT

SHIBIEL 2BOMREEEZRL TW5H, 225 REE

0.1 mm THY 7 nm {EEOTIKMEIE I LT Tw5 C

LGB,

2.2 PCVM (Plasma Chemical Vaporization Machin-
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Figure 10.

Stationary removal.

Figure 11. Numerically controlled PCVM system for X-ray mirror
fabrication.
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Figure 12. X-ray flat mirror fabricated by numerically controlled
PCVM.
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Figure 13. Fabrication and evaluation of total reflection mirrors.
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Figure 14. Kirkpatrick-Baez optical unit equipping elliptical mir-
rors fabricated by EEM and plasma CVM.
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