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Table 1  Various micropatterning techniques and its characteristics
Lithography Limit of Resolution (nm) Necessary for mask Throughput Apparatus Price
Nanoimprint Mold pattern Necessary High Millions of yen ~
Electron beam 10 Unnecessary Medium Teats of milltons ~=
Hundreds of millions of yen
Tens of millions ~
lon beam Ak . Ly Hundreds of millions of yen
. Hundreds of millions ~
X-ray 40 Necessary High Billions of yen
Photo 60 Necessary High Hundreds of millions of yen
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Fig. 2 Structural formulas of EB mask and RT-imprint

resist materials
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Fig. 4 Schematic diagram of ECR reactive ion shower

beam etching apparatus
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Table 2 ECR oxygen ion beam etching conditions

ITon incidence angle 0 [°]
Microwave power 100 [W]
Gas pressure 1.4x107 [Pa]
Gas flow 2 [sccm]
Stage temperature 24 ['C]
Stage rotational speed 0.7 [rpm]
Etching time 60 [min]




WE OB, Ak ok EI R, BR

B, HO @R, kL E, MR BT SERELE

O

Spin-coating with Polysiloxane {R,5i04
3000rpm, 10s, in air

Film thickness:0.5um

CYD diamond film
| Si substrate

e‘@ e
v

CY¥D diamond film

@

Electron beam drawing
6.7x10 C/cm?

 Si substrate
a .
Development with
1 [ methy! isobutyl ketone: isopropyl alcohol
C¥D diamond fil‘m =19
_ §i substrate |

0 0: Oxide layer

Hrl«Hz/@

ECR oxygen ion beam etching

Si substrate

g,

M

3D diamond mold

Si substrate

Fig. 5 The nanopatterning process of a CVD diamond
film to fabricate a 3D-diamond mold using
polysiloxane that we developed
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Table 3  Apparatus specifications of compact imprint apparatus

Size Width 30 cm; Length 30 cm; Height 48 cm

Resolving power

1 pm/pulse

Operating method

Digital position control via a computer
(Fully automatic step and repeat)

Pressure measurement

Load cell

Load method

Direct current (DC) coreless motor

XYZ axis speed

1.5~100 pm/s
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Fig. 7 The schematic diagram of compact imprint apparatus system that we developed
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Fig. 11 The dependence of the etching rate, and the

etching selectivity, of CVD diamond film and

polysiloxane film on ion energy
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Fig. 14 The nanofabrication process of 3D-diamond molds during ECR oxygen ion beam etching
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NANOFABRICATION OF DIAMOND FILMS BY ROOM-TEMPERATURE
NANOIMPRINT LITHOGRAPHY USING DIAMOND MOLDS

Shuji KIYOHARA, Tomoyuki KASHIWAGI, Hirofumi TAKIKAWA, Yuichi KURASHIMA,
Yoshio TAGUCHI, Yoshinari SUGIYAMA and Yukiko OMATA

ABSTRACT : Nanofabrication of 3D-diamond molds and 3D-diamond patterns in room-temperature (RT)

nanoimprint lithography (NIL) with 3D-diamond molds using polysiloxane [-R,SiO-], as electron beam (EB)

mask and RT-imprint resist material were investigated. The maximum electron cyclotron resonance (ECR)

oxygen ion beam etching selectivity (diamond/polysiloxane films) of 4.7 was obtained. The diamond molds of

cone dots with minimum 500 nm diameter using RT- NIL process were fabricated with polysiloxane mask in EB

lithography technology. The resulting 3D-diamond patterns of concave cone dots with 500 nm diameter after

ECR oxygen ion beam etching were fabricated. The resulting diameter of diamond patterns was in good

agreement with that of the 3D-diamond mold.

Key Words : Diamond film, Nanofabrication, ECR ion beam etching, Room-temperature imprint

Lithography, Diamond mold




