u

) <

The University of Osaka
Institutional Knowledge Archive

EEM(Elastic Emission Machining)Z & %Si(001)RmEm
Title %$ﬁm(%ﬁw D MIREORFHRERR & BiSaT

Author(s) |LUA, FA; =+, F#;, ARHE =8 fb

Citation |#BERTITZSEEHE. 2004, 70(4), p. 547-551

Version Type|VoR

URL https://hdl.handle. net/11094/86993

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

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

The University of Osaka



The Japan Society for Precision Engineering

v

EEM(Elastic Emission Machining)IZ & %
Si(001)FREDTFEIBIE (F 2 #R)
—MIREORFRRE L HissFiE—

bW m A" =8 F 0

AR B EART FE5# K
fe &= B " ¢ = OE

# ™ & T

Flattening of Si (001) Surface by EEM (Elastic Emission Machining)
- Atomic Structure Identification of Processed Surface -

Kazuto YAMAUCHI, Hidekazu MIMURA, Akihisa KUBOTA, Kenta ARIMA,

Kouji INAGAKI, Katsuyoshi ENDO and Yuzo MORI

Ultraprecision surface preparation techniques to make atomically flat semiconductor surfaces are strongly demanded

toward the next-generation semiconductor technology age including nanotechnology age, in which extremely integrated and
functionally enhanced devices will be realized. Particularly, Si(001) surface is the most important and widely utilized
surface because of the controllability of the interfacial electronic state density at the surface oxidized film. This will be the

case into future nanotechnology age. However, Si(001) surface is the most difficult surface to be flattened, and no

industrially promising method exists. The only possible technique is a heating method in ultra-high vacuum and is

unfortunately not useful from viewpoints of industrial applications. In this work, a new EEM (elastic emission machining)

system is developed and tried to apply to the preparation of ultrasmooth Si(001) surface. Processed surfaces are observed

and characterized by AFM (atomic force microscope), STM (scanning tunneling microscope) and LEED (low energy

electron diffraction). Obtained STM images show that EEM surfaces have an atomic-level flatness, and about 95% of a

extended area having a dimension of 100nm X 100nm is constructed by only three atomic layers having a structure of 1 X 1

surface lattice.

Key words: EEM, ultraprecision machining, atomic-level flatness, Si(001) surface, Hydrogen-terminated Si surface,
AFM (Atomic Force Microscope), STM (Scanning Tunneling Microscope)
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Fig.1 Schematic drawing of nozzle-type head.

Table 1 Nozzle head parameters

Gap of slit: G 100pm
Width of slit: W 30mm
Incident angle: 8 35°
Facing distance: D Imm
Initial velocity of fluid:V 30m/s

Table 2 Process parameters and conditions

Work piece Si(001)

Material of fine powder particle Si0, 50 0

Shape of fine powder particle Sphere

Diameter of fine powder particle 2pm

Volume-concentration of fluid 3.0w% (c) EEM surface (Removal depth : 8nm)
Temperature of fluid 23°C P-V : 1.41nm, RMS : 0.087nm, Ra : 0.068nm
Phenomenal removal rate 0.2nm/min

Fig.2 AFM observations of pre-machined and machined surfaces
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Fig.3 PSD analysis of the profiles obtained by AFM
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Table 4 Conditions in STM observation

Work piece p-type Si(001) wafer

Electrical conductivity 10~15Q *cm

STM conditions
Sample bias -2.0V (c) STM image of EEM surface (20nm X 20nm)
Tunnel current 0.3nA

Fig.4 STM observations of EEM
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(a) Spatial distribution of 1st layer  (b) Spatial distribution of 2nd layer

Ve ,",;f’:‘,; '{“,‘.
(e) Spatial distribution of 5th layer  (f) Spatial distribution of 6th layer

(g) Spatial distribution of others

Fig.5 Spatial distribution of each atomic layers of EEM surface
analyzed from the STM image of the observing area of 100nm X 100nm
surface with the atomic resolution

Table 5 Occupancy of each atomic layer

Layer Occupancy (%)
Ist 0.034
2nd 1.4
3rd 16.0
4th 47.9
Sth 30.7
6th 4.0
Others 0.13

Fig.6 LEED pattern of EEM surface
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