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[T. Notake et al., Scientific Reports 9, 14853 (2019) ]
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Photons (X-rays) Neutrons Isotopic Labeling
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Scattered by Electrons Nuclei Hydrogen Deuterium

Deep Penetration into Materials Time-of-flight Inspection of
@ Spectroscopy Magnetic Properties
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Energy Speed De Broglie
Wavelength

Fast Neutrons < 20 MeV < 14000 km/s > 2.8x 10 nm
Cold Neutrons < 25 meV < 2 km/s > 0.18 nm
Moderator
° o Futg o A~ Lattice Spacing
o & =» L) Z%" , Useful for Material Analysis!
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Large-scale Spallation Source 3
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Cold Moderator Coming Soon!
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Grating

T. Hosobata et al., "Fabrication of Germanium Grism for Infrared
Spe_ctroscopg by Diamond FIlIy Cutting", in Proc. 8th Int. Conf. of Asian
Society for Prec. Eng. and Nanotech. (ASPEN2019), Nov. 12-15, 2019,

Matsue, Japan
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Grating + Prism = Grism
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Yan, J. et al., “"Experimental study on the ultraprecision ductile machinability of single-crystal germanium,”
JSME Int. J. Ser. C, Vol. 47, No.1, pp. 29-36, 2004.
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Fresnel Lens: Yan, J. et al., J. Micromech. Microeng. (2005)
¢ Grism: Kuzmenko, P. J. et al.,, Proc. SPIE (2012)
» Various Gratings for IR: Sukegawa, T. et al. (Canon Inc.), Proc. SPIE (2018)
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5-Axis Ultraprecision Machine
(ULG-100D, Toshiba Machine)

‘ -«\/ Spindle Shaft ‘ ‘

Angle ‘ " : ‘ g 2 - . .
Adapters 5. - Coolant (Oil Mist)
-’{. 3 : !

3
0
‘»
0
.
3

Balancing

Weight C)D.ﬂo \ Tool Tip
/ Rake Face
{ \ ' I

L ro.2 um
Material:
Binderless nano-PCD

Ge Prism 33
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Spindle Speed ks RAP
10000 rpm (const)

Feed Direction
/ (Down Cut)

7 AN TR

Feed Rate

Undeformed |:
Chip Thickness

“ Ge Prism

Measured with White Light Scanning Interferometer
(NewView7200, Zygo)

- d Feed Rate
Depth of Cut

20 um/rev 100 um/rev

40 nm

Ba) ik DL,
BI0IAADPENEE
F7 BTN
CYUIRDFER)

o~

2T AL LDHIFNZED v o
I rittle Fractures
ZMECA IR Edge Chlpplngn_ﬁ -04 02 0 02 04 DE | r 3:]

Height (um)

Depth of Cut

200 nm
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Feed Rate | 20 um/rev (200 mm/min)

Depth of Cut (per Round) | 200 nm

Undeformed Chip | 66 nm
Thickness

Number of Grooves | 1240

Number of Rounds | 25 rounds

Total Depth | 5um
(including warm up)

Total Machining Time | 7 days and 30 min.

Zero-order Wavefront Error 0 Transmission Efficiency
Tool Feed 5D ! ! 5
270 nm(P-V S <80 70 % of Ge Bul
2
SN 100 _ 260 |
— . \ £ = Gelplate transmisgsion
3 | b SOl -y i
g e o
§ X n ‘ S o 0 E 520 /\e Grism
= '\\\ . ,/A./’ § 3 \/ \
) '\\ " / 50 "a;) 0 S~
\ » ‘ § 2 “?avelen h | 4] :
y (5 mm/div) \\ /g"/x (5 mm/div) -100 ) ] gth [pm
M XK Measured with Fourier Transform Infrared Spectrometer
~ ~150 (FTIR 410, JASCO) 35

Measured with Laser Interferometer (GPI, Zygo)
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(Simulteneously Controlled Axes)
(X-Z-B)

] Single Point Turning of Hemlsphere X Wo 7
7 Tool

5-Axis Ultraprecision Machine:
ULG-100D(5A), Toshiba Machine Co., Ltd.

(X-Z-B)

Resolution: XYZ 0.1 nm
BC 0.00001°

Oil Mist
Nozzle
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