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Flattening Si (001) surface by EEM (Elastic Emission Machining)
- Development of Ultraclean EEM system for ultraflat semiconductor surface preparation -

Yuzo MORI, Kazuto YAMAUCH]I, Hidekazu MIMURA, Kouji INAGAKI, Akihisa KUBOTA and Katsuyoshi ENDO

Ultraprecision surface preparation techniques to make atomically flat Si surfaces are strongly demanded in the
next-generation semiconductor technology age. However, effective technique dose not exist particularly for Si(001) surface
smoothing. The only possible technique is a heating method in the ultra-high vacuum, however it dose not have industrial
feasibility. In this work, a new EEM (Elastic Emission Machining) system having ultrahigh cleanliness has been developed
for semiconductor surface preparation. In the EEM system, ultraclean techniques such as a refining system for mixture fluid
and numerically controlled sample stages hydrostatically supported by ultrapure water are developed and equipped.
Machined surfaces are observed by AFM (atomic force microscope). Obtained images show that topmost atoms on
the premachined surfaces are preferentially removed in EEM, and that the processed surfaces have atomic-level

flatness.

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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EEM(Elastic Emission Machining) (Z &% Si(001) ZEBOYEBIL (8 1)
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Posture controlier
for EEM head
(z-¢-9 axis)

Process chamber

Hydrostatically
supported table

Hydrostatic support pla (Work is set on the table)

Magnetic
coupier
Non-magnetic

stainless steal film

Table driving unit

(x-y-0 axis) Driving unit

chamber

Fig.1 Schematic drawing of ultraclean EEM system

Table 1 _Specifications of numerically controlled stages

Stroke Maximum feed rate
X stage 100 mm 5 mm/s
Y stage 100 mm 5 mm/s
0 stage Continuous 1rad/s (10rpm)
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Fig.2 photograph of EEM apparatus in ultraclean room
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(a) Overhead view of hydrostatic support plate

Land  Pocket

(b) The sectional view of a part of
hydrostatic support plate

Fig.3 Schematic view of hydrostatic support plate

EEM(Elastic Emission Machining) (Z&3 Sil001) RTOIBIL (£ 13R)

L7250, FEMMT THSB EEM 2BV CTIILE+ 4y 12l
THD. INLOREREPDECERELIZHBERAT—Y DN
FA—E—%R 2IIFT. ERLAERBAT - oKRIN
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Hydrostatically supported table

Setting gap: 200 m

Table driving unit
(x-y-6 axis)

pole

100°

N pole

" Yoke made of magnetic
Stainless steel

(b) Construction of magnet coupling

Fig.4 Schematic view of magnetic coupling

——— Hydrostatic repulsive force

“° Magnetic attractive force
(Gap :200um (Designed value))

Force kgf

0 5 10 15 20 25

Position of stage um

Fig.5 Relationship between the stage-gap and hydrostatic
repulsive and magnetic attractive forces

Table 2 Specification of the hydrostatic supporting system
7% 10°Ps (Tkgf/cm?)

Pumped-up pressure

Flux of ultrapure water 500cc/min
Hydrostatic bearing gap 15pm
Magnetic gap 200pum

Load 10°N (100kgf)
Effective cross section of pad 2800mm?*

4X 10°N/m (40gf/uum)
1.0 X 10°N/m (10kgf/pm)

Rigidity in lateral direction
Rigidity in gap direction
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EEM(Elastic Emission Machining) (Z &% Si(001) RBOIEL (55 1#%)
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MIBBOFEEFMEIL, BRIy P OHEHX
NOIBEORHIZL - TITIZ LN TES. FOKR,
WEER, TOC L bz lppb A —F T, IKHETOEBA A
PWBEIZOWTh, ICP-MASS (inductively coupled plasma mass
spectroscopy) IZL DBEN D,  ppb THEZ Lo
7. BEBRBIVTOC O EfTo=—FlZRI B LT
1027y, EREREIDPLEAINBHEREAH
TEimIE, MIXEZEF®% 15 BHEBET lppb LVIC
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Specifications .

s Cepofsit :G 50um

“ Widhof dit W 1~100mm
Incident angle : 6 35° ~90°

Facing distance : D 1mm
Initiad velocity of flid : V'~ 100mvs
Pressure ~10'Pa

Fig.6 Schematic drawing of ultra-high-pressure nozzle-type head.

Automatically Channel A
Controlled valves
Process chamber
Gear | — Plunger | _,, «— 3‘{
pump pump [
Nozzle
Channel B 3 Work
Pressure transmitters Stage driving unit

Fig.7 Schematic diagram of highly pressured ultrapure water generator

Ultrapure water inlet

Stage driving unit

‘
Vacuum pump

Refining unit

Nyinlet

Process chamber

Reserve tank

Fig.8 Schematic diagram of in-situ refining system for EEM fluid
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8 \
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Fig.9 Elimination properties of DOC (dissolved oxygen concentration)
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Fig.10 Elimination properties of TOC

3. Si(001) MBESKLIEBEDMT
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11 i%, AFM (atomic force microscopy) (F¥# /A v
R A Y8 NANOSCOPE MMa) 2k - T, MIA%
DREZHBLEKERTHD. GiMIER@O~A I 0T T
X A% Ra: 3.76nm [P-V:45.18nm, RMS:4.63nm] T& % DiZ
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0.19nm]Th o7, Fi, MIBHNOMBACORERLRD
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WHILEBHETES. £/, Z0LEOMITEIX SOnm T
HY, BIMIED~A 7 1T 7R AD peak-to-Valley TH 5
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EEM(Elastic Emission Machining) {Z&2 Si(001) REOIEIEL (58 1 ¥k)

Table 3 Process parameters and conditions

Work piece Si (001)
Material of fine powder particle Si0;
Shape of fine powder particle Sphere
Diameter of fine powder particle 2um
Volume-concentration 3.0w%
Temperature of fluid 23°C
Nozzle conditions
Gap of slit: G 100mm
Width of slit: W 20mm
Incident angle: 6 35°
Facing distance: D 1mm
Initial velocity of fluid: V 30m/s
Phenomenal removal rate 0.2nm/min
Removal depth 50nm

(a) Commercially available Si(001) wafer surface
[P-V : 45.180m, RMS : 4.63nm, Ra : 3.76nm}

(b) EEM processed surface (removal depth : 50nm)
[P-V : 1.63nm, RMS : 0.19nm, Ra : 0.15nm]

Fig.11 Surface profiles obtained AFM

TOBRESABRCEBLLTEY, REBCLIRELE
SIOON)REDFHEALNAETHD L BFRENTLLEWVZ S,
W T, (LERNMIETHS EEMORENOBHEER
EREICARARZMIREO KR ER L UOERMEESER S
NEREBICLY, B LSI 7S 2ABICHKREL TS
Si(001) = ~ZRIMIE & LT, EEM IZ & 3 FEH{LE TV,
FORBORFH#EE% STM (scanning tunneling microscopy)
WE-THEEL, FELEBERIISDVWTRETS.
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EEM(Elastic Emission Machining) [ &3 Si(001) RBOEB{E (B 1))

100000
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1000 - EMMERE0°C~UPW rinsed surface
@ 1 {
E 1 1
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a —
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Fig.12 PSD analysis of the surface profiles obtained by AFM
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AL THIEDOBEXRERLT-.

() MIBPOBHFEIR, ARHBLVOEBAA L DBRELY
ERfIOILNCEIAMBHER AT LERREL, Bk
EEM & HICMZAAT.

(4) MIEBREN AT LOBEICLY, MIHKPD TOC
BLUBTFERRE, BIUE&BAA4 BEN 1ppb A —
FETIERM CELILEHRL.
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