u

) <

The University of Osaka
Institutional Knowledge Archive

Title B & HEEEM (Elastic Emission Machining) InTL <
AT LDFRFE

Author(s) |Yamauchi, Kazuto; Mimura, Hidekazu; Mori, Yuzo

Citation |RmEFIZFE. 2001, 22(3), p. 152-159

Version Type|VoR

URL https://hdl. handle.net/11094/85461

This article is licensed under a Creative
rights Commons Attribution-NonCommercial 4.0
International License.

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



gooo

0000 Vol. 22, No. 3, pp. 152-159, 2001

0000 EEMO Elastic Emisson Machiningt]
Oooooooog

uboboobooooog oo

gboooobooooboooooooono @&b565-0871 ODOOOOOOOO 21

gzo000 120 220000

Development of Numerically Controlled EEM (Elastic Emission Machining) System
Kazuto Y AMAUCHI, Hidekazu MIMURA and Y uzo MORI

Department of Precision Science and Technology, Faculty of Engineering, Graduate School of Osaka University
2-1Yamada-oka, Suita, Osaka 565-0871

(Received December 22, 2000)

Ultraprecise figuring systems are needed in many scientific fields. For example the mirrors for synchrotron-radiation
X-ray facilities and extreme ultraviolet lithography systems should have atomically smoothed surfaces and extremely
high figure accuracy of the order of nanometer range. Furthermore, next-generation semiconductor surfaces should be
atomically flat as the substrates for nanometer devices. The EEM (Elastic Emission Machining) system developed by
the authors can provide the atomically smoothed surfaces free from any crystallographic damage. A basic research has
been performed to evaluate the use of anumerically controlled EEM system for ultraprecise figure corrections. We have
constructed an EEM figuring system for ultraprecise scientific components. Testing showed that its performances are

sufficient for figuring with nanometer accuracy.
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Fig.1 Schematic drawing of EEM mechanism.
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(a) Binding energies at the interfaces
between SiO, and Si(001) surface

Si(001) surface

(b) Binding energies at the interfaces
between ZrO, and Si(001) surface

Fig. 2 Estimated binding energies at the interfaces between
ultrafine powder and Si(100) surface.
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(1) Before lifting

(2) After 0.7 A lifting

(3) After 2.0A lifting

(a) Snap shots of the removal process with SiO; ultrafine powder on the Si (001) surface
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(b) Snap shots of the removal process with ZrO, ultrafine powder on the Si (001) surface

Fig. 3 Snap shots of the atomic remova process from Si(001) surface obtained by first-
principles molecular dynamics simulation.
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(a) Numerically controlled EEM system for SR mirrors, etc.

-

(b) Numericaly controlled EEM system for semiconductor
surface, etc.

Fig. 4 Photographs of numerically controlled EEM systems.
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Specifications

Gapofslt : G 50um
Width of slit : W 10mm
Incident angle : 0 35—90°
Facing distance : D 1mm

Initial velocity of fluid : V. ~ 100m/s
Pressure ~10'Pa

Fig.5 High pressure jet-nozzle-type head for numerically controlled EEM system.
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Fig. 6 Schematic diagram of numerically controlled EEM procedure.
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(a) Bird’s-eye view of the removed area

0.5 1
Distance mm

(b) A-A cross-sectional profile

Fig. 7 Machined spot profile measured by microscopic phase sifting interferometry.
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21

P-V:7.8nm RMS:1.3nm
(as-measured)

P-V:7.0nm RMS:1.2nm

(with the high-cut filter of the
spatial wavelength of 3mm)

AX

X
Feed pattern of EEM head

P-V:3.1nm RMS:0.38nm
(as-measured)

P-V:2.0nm RMS:0.3nm

(with the high-cut filter of the
spatial wavelength of 3mm)

Fig. 9 Machined surface profile measured by phase sifting interferometry (Head-
feed pattern employed in this NC figuring is aso shown).
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Fig. 10 Comparison between the profiles of pre-machined,
predicted and machined surfaces along the line (XO
20 mm).
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Fig. 11 PSD (Power spectral density) curves of pre-
machined and machined surfaces.
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(a) Pre-machined surface

250
P-V 1.01nm

0

(b) EEM surface

Fig. 12 AFM observations of as-received and EEM processed Si(001) wafer surface.
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Fig. 13 Relative surface state densities of finely-prepared
surfaces obtained surface photo-voltage spectros-
copy.
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