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Comparison of 50nm poly-Si pattern
profiles in F and CIl neutral beams

F, gas (F Beam) Cl, gas (Cl Beam)

PE—I26 FZ? GUHCE
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300 nm/min 50 nm/min SiO,

Beam Energy:10eV




Surface Defects Induced by NB and Plasma Irradiations

Reference Neutral Beam Irradiation Plasma lrradiation
S. Samukawa et al., J. Vac. Sci. Technol. B 25, 760 (2007). S. Samukawa et al., J. Appl. Phys. 104, 063308 (2008).
Beam Condition "
Cl, 40sccm (~1Pa) ~20minutes Plasma Condition
13.56MHz 800W TM(50us/50us) Ar 0.65Pa ~0.5minutes
bias 600kHz 20W ne = 3x10™" cm

Aperture Tmm x 10mm

& O

5nm thermal oxide ~

Dangling bond density at surface Dangling bond density at surface Dangling bond density at 5nm thermal
(native oxide / Si substrate interface) (native oxide / Si substrate interface) oxide / Si substrate interface

2.5x101% cm2 3.1x101%cm"2 2.0x1012 cm2



New Device Structure for Sub-32nm ULSI

Present (~45nm) Next Generation (32nm~)
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Fin MOS-FET could precisely control the electrical characteristics.



Plasma Radiation Damages
for Fabrication of 3D MOSFET

Etching surface damages (defects)
degrade the electron mobility

significantly in 3D MOSFET.

E 10—
© o (100) wafer surfsce

% o {100) trench, A, none :

— A (100) trench, A, etch

£ - O {100) trench, A, oxida |

g 10° — =

B i :

]

1m’ll‘l" 102 10# 1

- E.r (Vicm)
Figure 4: Electron surface mobility vs. effective norial field
for different post-etch treatiments.

Dangling bond density at Si substrate surface

Si Wafer 2.5x101°cm2 (before) =2.0x102 cm2 (after etching)
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S. Samukawa, “Ultimate Top-down Etching Processes for Future Nanoscale Devices: Advanced Neutral-Beam Etching” JJAP 45, (2006). p2395

K. Endo “’Fabrication of FinFETs by Damage-Free Neutral-Beam Etching Technology” IEEE Trans. electron devices 53. (2006). p1826




Fusion of Bottom-up and Top-down Processes

High Density Fo—

Plasma Top-down Processes
§-®;I/FO\ é@@@ fl(;.r Soff Mlategizllegviies.
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O O i f@
Quartz Tube | l l l  Damage-free Patterning

 Damage-free Surface Modification

Neutral Beam ‘

Neutral Beam Processes
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