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WFZER R OME (F30) : This study is conducted to carry out the compression forming of
aluminum films using a diamond mold in atmosphere and vacuum without the use of
lubricant, in order to evaluate the transcription quality and metallographic structure of
such films formed under the two conditions. In the diamond mold, three-dimensional
microcavities are formed on the culets of a pair of diamond anvils, using a focused ion beam
(FIB) system. It was also confirmed that the average grain size of the aluminum film,
which was 20-30 um when a conventional diamond die was used, was reduced to 1 pm or
less after the high-pressure plastic forming.
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Fig.1 Diamond anvil

Pressure
direction

% Culet size

(A: ¢0.3mm, B: ¢0.8 mm)

Fig.2 The principle of
high pressure
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(b) Model geometry of Gear
(950, 000 points)

(a) Model geometry of
Quadrangular pyramid
(1. 000, 000 points)

Fig.3 FIB processing model

Table. 1 Conditions for FIB processing

Theoretical Point of Processi
Beam name . . .

beam diameter processing data ng time
40-1-80 43 nm 1, 000, 000 270 min
40-1-150 75 nm 950, 000 90 min
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Carbide
610 ﬂ ‘/ die
Pressure b 1 Carbide
direction A punch
(a) Carbide die (b) Mount anvil model

and punch
Fig.4 Mounting the diamond anvil
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Fig.5 High-pressure equipment
used air cylinder

Table.2 Relationship between load and
pressure in the atmosphere

Lord | Anvil (¢ 0.3 mm)
(kN) Pressure (GPa)
0. 00 0.00
0.12 1.71
0.25 3.42
0. 37 5.14
0.49 6. 85
0.62 8. 56
0.74 10. 27

Piston rod

Carbide
die & punch

Fig.6 High pressure generating section
(used air cylinder)
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Vacuum vessel

Rotary pump

High pressure
generating
section
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Fig.7 High-pressure equipment used
vacuum vessel
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Table.3 Relationship between load
and pressure in the vacuum

Anvil
(0.3
Vacuum (kPa) | Lord (kN) | mm)
Pressure
(GPa)
— 0.00 0.00
— 0.10 1. 36
6. 22 0. 20 2.73
13. 33 0.29 4.09
20. 00 0. 39 5. 45
26. 66 0.49 6. 81
33. 77 0.59 8.18
40. 00 0.69 9.54
47. 11 0.78 10. 90
52.44 0. 88 12. 27
58. 66 0.98 13. 63

o—& =R ALY EEREBENTE
WBET D Z & TERDOERENIE L, FHEA
H#h45. 2KV EEZMA DAL
o TG, BZERBHNOEN KL T5Z
EC, WBILCHRIE - mENKELI D, B
BRI AW ERELEE O BRI AR
DA% Fig. 8 127 .

Sliding parts

(Lid) - Vacuum
Carbide =T
die & punch

Fig.8 High pressure generating section
(used vacuum vessel)
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Processing
section

(a)

(b)

Gear shaped mold (Culet:0.3 mm)

Fig.9 SIM image of FIB
processed products (Micro—mold)
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(a) Culet contact pressure (b) Culet contact pressure
Aluminum:1. 71 GPa

Alminum:3. 42 GPa

Between the

quadrangular pyramid
(c) Culet contact pressure

Aluminum:5. 14 GPa

Fig.10 SIM image of plastic
forming products (Atmosphere)
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(a) Culet contact pressure (b) Culet contact pressure
Aluminum:3. 41 GPa Aluminum:5. 45 GPa

Fig.11 SIM image of plastic

forming products (Vacuum)
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Table. 4 Comparison of transcription
in the atmosphere and Vacuum

Plastic Anvil Mould Transcription
forming pressure depth hiisﬁt % mg
environment (GPa) (pm) g u
Atmosphere 5. 14 0.76
v 0.97
acuum
(20 kPa) 5.45 0. 95
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(a) SIM images of the gear
Vacuum:20 kPa, Pressure:5.45 GPa

(b) Three—dimensional measurement results

Fig. 12 Plastic forming products of gear
(Aluminum)
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Fig. 13 Appearance of pressure portion

/um

Average grains size

Fig. 14 Pressure portion
the sample cross sectional

Table. 5 Thickness measurement

results
Pressure | Thickness
(GPa) (um)
0 50
0.85 14.5
3. 42 6.21
6. 85 5.70
10. 27 3. 46
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Fig. 15 Relationship between changes
in pressure and thickness
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(a) SIM image (No pressure)

(b) TEM image (Pressure:5. 45 GPa)
Fig. 16 Refinement grains (Aluminum)
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