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1. Introduction

The scaling down of MOSFETSs requires gate length less
than 35 nm'. In this generation of the devices, it is difficult
to improve performance of MOSFET devices by only
down-scaling because of short channel effect. To solve
these problems, the new MOSFET structures, such as Fin-
FETs and surrounding gate transistor (SGT), has been
widely investigated. However, when conventional plasma
etching and thermal oxidation are applied to these new
proposals, some fatal problems occur. For example, elec-
trical property of devices degrades because of UV damage
and charge up during the plasma etching process and diffu-
sion of dopant during high temperature process of conven-
tional thermal oxidation (> 800 °C). On the other hand, it is
difficult to fabricate gate dielectric film and insulating film
of SGT independently? due to the isotropic oxidation of
conventional thermal oxidation. Furthermore, three dimen-
sional transistor, (which needs uniformly-sized film dimen-
sionally, was not fabricated due to the oxidation rate varies
with the lattice plane of Si®) this sentence is not easy to
understand. As mentioned above, it is difficult to meet these
requirements by using conventional thermal oxidation
methods. Therefore, a novel oxidation method with features
of low temperature, anisotropic oxidation and independence
from silicon lattice plane is necessary.

To breakthrough these problems, we proposed the neutral
beam (NB) process as an alternative to the plasma etching
process and thermal oxidation process. We have already
used neutral beam etching (NBE) and conventional thermal
oxidation process to fabricate three-terminal FinFETs and
improved its performance’. Also, we have developed the
fabrication of fine and ultra thin SiO, film by using our
developed damage-free neutral beam oxidation (NBO) at
low temperature of less than 300 °C>®. In this study, we
fabricated three-terminal FinFETs and its gate dielectric
film and fin were formed by NBO and NBE, respectively.
We compared the electric properties of FinFETs using NBO
process with that using conventional thermal oxidation
process.

2. Experimental

SiO, films were formed using our developed NBO
(hereafter the SiO, film is called NBO film) and the de-
tailed characteristic of NBO was described in elsewhere®.
The bombardment of the oxygen neutral beams with energy
smaller than 10eV activates the surface atomic layer of Si
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and the atomic layer oxidation process effectively pro-
gresses even at a low temperature of about 300°C. The
pressure in process chamber was fixed at 0.14 Pa.

Figure 1 shows the schematic process flow of FinFETs
and the details was described in elsewhere’. Here we
briefly described the procedures. Silicon on insulator (SOI)
wafer was used to investigate the FinFETs with n-channel.
The pattern for fin structure was determined by electron
beam (EB) lithography and then the fin structure was fab-
ricated by NBE. After that, NBO film was grown on the
sidewall of the fin structure. Gate dielectric film was cov-
ered with n+ polycrystalline-Si (Poly-Si). After gate elec-
trode formation using inductive coupled plasma (ICP),
ion-implantation (P) into the extension of the source/drain
(S/D) was performed. S/D was activated at 950°C for 2
seconds. Then the aluminum electrode metallization was
fabricated. Finally, the devices were sintered at 450°C in
3% H2 ambient.

Single and multi FinFET were fabricated on the same
wafer. Figure 2 shows the schematic illustrations of both
FinFETs. The main dimensions of single FinFET are as
follows: gate length Ly =160nm, fin thickness T¢,=80nm,
fin height Hg,=100nm. The multi FinFET has 45-fins, and
the main dimensions of it are as follows: gate length L,
=20um, fin thickness Tg, =100nm, gate electrode area A
=180um.

We evaluated the electrical properties of FinFETs using a
prober and KEITHLEY 4200 at room temperature in air.

3. Results and discussions

Figure 3 shows the cross-sectional TEM image of fin
oxidized by using NBO tilted at 60 degrees. It was shown
that the surface of the fin was oxidized uniformly. This re-
sult indicated that NBO is anisotropic oxidation. The de-
tailed anisotropic of NBO process was described in else-
where’.

Ii-Vg, C-V and gate leakage current of the fabricated
FinFETs were measured. Because the gate electrode of sin-
gle FinFET is too small, only multi FinFETs were used for
C-V characteristic. It clearly shows that the longer NBO
irradiation time is, the lower off current and the more re-
duction gate leakage current are. These results were specu-
lated that the off current and the gate leakage current de-
pend on SiO, film thickness. Therefore, we calculated
equivalent oxide thickness (EOT) from C-V characteristic
(Figure 4(b)) and gate electrode area because the gate NBO




film thickness is too difficult to measure. The EOT of the
NBO film with irradiation of 250, 500, 1000 and 2000
seconds are 2.01, 2.17, 2.47 and 2.64, respectively. This
result shows that off current and leakage current depend on
EOT of the NBO film. These results show that the multi
FinFETs had the typical characteristic of transistor.

In order to compare the fabricated FinFETs using con-
ventional thermal oxidation process with that using NBO
process, we measured l¢-Vy characteristic of single FinFETs
as shown in Figure 5. The S value of the FinFET fabricated
by NBO was apparently improved as compared with the
one by conventional thermal oxidation. The dimensions of
the FIinFET fabricated by conventional thermal oxidation
are as follows: gate length Ly =110nm, fin thickness Ty
=50nm, fin height Hg, =100nm. Therefore, if the FinFET is
fabricated by NBO with the same dimensions, the S value
may be greatly improved. We also calculated effective mo-
bility of the multi FinFETs as shown in Figure 6. This result
shows that the effective mobility of the multi FinFETs fab-
ricated by NBO process was improved in high carrier den-
sity area. It is speculated that the residual stress of the Fin-
FET fabricated by NBO process is smaller than that by
thermal oxidation process due to the uniform film on the fin
side wall.
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Fig. 1 Fabrication process flow of the FinFET. Fin is fabricated by NBE. Gate oxide film is formed by NBO.
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Fig. 2 Schematic illustrations of (a) single FinFET and (b) multi FinFET
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4. Conclusions

We have fabricated very thin gate SiO, film by using our
developed NBO technique at low temperature of 300°C.
Electrical property of single FinFETs and multi FinFETs
fabricated by NBE and NBO was investigated. 14-Vg, C-V
and gate leakage current characteristic showed that FinFET
had a transistor property. Moreover, S value of the FinFET
fabricated by NBO process was apparently improved. The
improvement of effective mobility of the multi FinFETs
fabricated by NBO process was more than that by NBE and
thermal oxidation process. These results greatly support the
great potential of NB technology on nanoscale devices.
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Fig. 3 Cross-sectional TEM image of fin oxi-
dized by using NBO
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Fig. 5 14-V, characteristic of single FinFET
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Fig. 6 Effective mobility of multi FinFET
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