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INTRODUCTION: Boundary lubrication is one of the
most interesting topics in the field of tribology, and the
recent development of physical and chemical analyzers
has created a need for better understanding of the behav-
ior of boundary lubrication films. Under the boundary
lubrication, oiliness additives mixed in base oil are ex-
pected to form adsorption layers on a sliding surface and
then achieve low friction and high durability. Previous
reports have confirmed that the adsorptive performance
of the additive to the surface greatly affects the friction
coefficient of surface. However, physical properties of
adsorbed layers are still unknown because of the substan-
tial difficulty for in-situ analysis.

Our laboratory has proposed applying neutron reflec-
tometry to directly measure physical properties, i.e.,
thickness and density, of adsorption layers formed by
acid additives on metal surfaces [1,2]. We report the
physical properties of adsorption layer and introduce our
latest approach with the development of the TOF-mode
neutron reflectometer for tribology use.

EXPERIMENTS: To widen applications of the neutron
reflectometry to tribological studies, a TOF-mode neu-
tron reflectometer was developed at the CN-3 in Kyoto
University Research Reactor Institute (KURRI). A sche-
matic diagram is shown in Figure 1. The carbonization
nickel surfaces with various film thicknesses were depos-
ited on ultra-flat silicon blocks by physical deposition.
The obtained reflectivity profiles in air proved that the
resolution of the developed reflectometer for film thick-
ness was under 2 nm. This result proved that the reflec-
tometry has high potential for use in advanced tribologi-
cal studies on solid-liquid interfaces.
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Fig. 1. Schematic diagram of reflectometer in KURRI.

RESULTS: The carboxylic groups in the acetic acid in
the lubricant were expected to preferentially adsorb to the
metal surface and form a thin layer less than 10 nm thick.
To examine the layer thickness and density using neutron
reflectometry with the highest accuracy, we took the fol-
lowing procedure. First, we set the sample surface in the
sample holder to obtain a neutron reflectivity profile from
the interface between the sample surface and air. Second,
the base oil poly-alpha-olefin (PAO) was poured into the
sample holder and a reflectivity profile from between the
surface and the PAO was similarly obtained. Finally, the
additive was added into the PAO and mixed in the sample
holder carefully and the reflectivity profile was again
obtained. During the whole experiments, we didn’t touch
the neutron optics and the sample holder at all, and thus
the difference in reflectivity profiles in each step were
completely recognized as being provided by the existence
of base oil and/or additive at the interface. After the
above procedure, we checked the difference between the
reflectivity profiles with theoretical fitting based on Par-
ratt’s theory. The amount of additive mixed into PAO was
0.1 mass%o.

The obtained reflectivity profile is shown in Fig. 2.
From the obtained reflectivity profiles, the thicknesses of
the adsorption layer on the copper surface were quite thin,
approximately 1.0-2.5 nm. To investigate the effect of
adsorption layer on the tribological properties, friction
tests were carried out for copper surfaces with a
ball-on-disk tribometer. The results showed that the fric-
tion coefficient decreased when any additive was mixed
into the base oil. The results are summarized as follows.
(1) Formation of the adsorption layer was clearly ob-
served when the acetic, undecanoic, and stearic acids
were used as additives for each. Particularly, the adsorbed
layer of acetic acid was expected to be a multi-layer one.
(2) Oiliness additives with long carbon-chains required
several hours to form the stable adsorbed layers.
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Fig. 2. Reflectivity profiles from copper surface.
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INTRODUCTION: Hafnium oxide (high-k) dielectric
films are being introduced into silicon-based semicon-
ductor devices in order to achieve higher electronic per-
formance. The front-end processes require the thin die-
lectric films well-controlled in thickness for gate stacks.
According to the international technology roadmap for
semiconductors 2011[1], thickness of dielectric films
should be controlled in 4 % process range. It becomes
difficult to obtain the accurate thickness in length unit
since the films are getting to be near atomic dimension
and consist of complex structure like interface layers,
which may involve atomic fluctuations. Reference ma-
terials whose properties are well-calibrated should shed
light on quantification of the film thickness with small
uncertainties. This study aims to quantify hafnium in
thin hafnium oxide films by isotope dilution neutron ac-
tivation analysis [2] as quantitative method, and finally to
develop reference materials applicable to semiconductor
manufacture.

EXPERIMENTS: Hafnium oxide films were deposit-
ed on 4-inch Si wafers by magnetron sputtering method.
In this study, the targeted thickness is 2.5 nm with ho-
mogeneity within 1% in a wafer. Several wafers with
hafnium oxide film were diced into 15 x 15 mm? pieces,
and several pieces were randomly picked-up for meas-
urements.

Hafnium amounts were evaluated by INAA and calcu-
lated into area density. The surface area of a specimen
was measured by taking images using a commercial op-
tical scanner with a high resolution. From the images,
the lengths of four sides of the chip were measured to
calculate the surface area. Length calibration was per-
formed by standard scales. For the production of stand-
ards to calibrate hafnium amounts, a natural standard
solution was prepared by diluting SRM 3122 (commer-
cially available from NIST) gravimetrically. In addition,
a spike solution for isotope dilution was prepared by dis-
solving a '"’Hf enriched HfO, in HNO;+HF+H,SO, solu-
tion, followed by diluting gravimetrically. Portions of
the solutions were dropped from a polyethylene pipette
onto pieces of the cleaned specimen and blank Si chips.
All specimens and standards were heat-sealed in individ-
ual clean poly-ethylene envelopes and stacked in a
poly-ethylene irradiation container. The neutron irradi-
ation was performed for 4 hours at 1 MW in research
reactor KUR of Research Reactor Institute, Kyoto Uni-
versity. Gamma-ray activity of each specimen and
standard was measured by a high-purity germanium de-

Neutron Activation Analysis on Hafnium Oxide Films

tector (ORTEC) with an energy resolution around 1.8
keV FWHM at 1333 keV.

RESULTS: Figure 1 shows a gamma ray spectrum
obtained from the specimen of spike solution on hafnium
oxide film. Several peaks can be clearly seen and some
of them are from '"*'Hf and "*™Hf as indicated in Fig.1.
The peaks at around 133 keV and 215 keV were picked
up, the counts in each peak were integrated for every
specimen and standard, and then the intensities after the
decay correction [3] were used to determine hafnium
amount in the oxide film. The hafnium content in the
specimen is estimated to be 4.3 pg, calculated by using
the formula shown in Ref [2]. Considering the surface
area of the hafnium oxide film is 223 mm’, the resulting
hafnium content is in agreement with the content esti-
mated from the film thickness.
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Fig. 1. Gamma ray spectrum of the spike solution
on hafnium oxide film.
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INTRODUCTION: Since medical treatment apparatus
progressed in recent years, the high dose radiotherapy to
the brain tumor becomes possible, and, as a result, the
prognosis of the brain tumor has improved. On the other
hand, the brain radiation necrosis which arises during the
long-term observation period after intensive radiotherapy
becomes a serious problem. Although a part of molecular
mechanism in a brain radiation necrosis was shown by
our previous research, in order to prove these hypotheses
strictly, it is necessary to create a brain radiation necrosis
model in laboratory animals, and to analyze the pathol-
ogy for each stage. Understanding the regulation mecha-
nism of the cytokine in the brain radiation necrosis may
have an important role in the treatment development.

EXPERIMENTS: Fifty 12-wk-old female Spra-
gue-Dawley rats with body weight 229 = 20 grams
were divided into 5 separate batches to receive irradiation
of 20, 25, 30, 35 or 40 Gy to the right hemibrain with a
single collimated (10mm X 10mm) 6°Co gamma-ray
irradiator under anesthesia. Gamma-ray irradiation
was applied using a 60Co gamma-ray irradiator in
the KUR. The irradiation method referred to the report
of Wang et al., Li et al., and Nordal et al.[1, 2, 3]. Three
rats died due to anesthesia. A total of 47 rats were irradi-
ated with 20 Gy (n = 5), 25 Gy (n =5), 30 Gy (n = 22),
35 Gy (n=10) and 40 Gy (n = 5), respectively.

RESULTS: In all rats in the 40 Gy cohort, body weight
decreased and died within several days after irradiation.
Seven rats in the 35 Gy cohort and ten rats in the 30 Gy
cohort were found to have abnormal signs of gait and
movement from 24 weeks post-radiation. No gross neu-
rologic abnormalities were observed in other rats. Stan-
dardized H&E staining was used to detect morphologic
characteristics of brain tissue between 20 and 28 weeks
after irradiation. There were no apparent histopathologi-
cal abnormalities in the brain, including white matter and
blood vessel changes after all dose, as shown in Fig.1.

A Brain Radiation Necrosis Model in Laboratory Animals

Fig. 1.

H&E staining in the specimen of the 35 Gy irradiated
brain 20 weeks after irradiation. There were no apparent
histopathological abnormalities. (Original magnifications,
X110, X200)
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INTRODUCTION: Development of neutron detectors
is a key to realize new instruments in Materials and Life
Science Experimental Facility in J-PARC. Although var-
ious detectors have been developed, position sensitive
detectors (PSD) with *He gas still have superior to the
others in counting rate and so on. For DNA back scatter-
ing instrument installed at the BL02 port [1, 2], U-type
PSD which consists of two short straight PSD’s connect-
ed at the one end have been newly developed as counters
for inelastic experiments (see Fig. 1) as well as a conven-
tional straight-type PSD for diffraction. Hardness to ob-
tain *He gas is a serious problem in neutron science.
Therefore, we need to optimize diameter and gas pressure
of PSD. The purpose of this study is to measure position-
al resolutions for various *He PSD’s with different gas
pressures and shapes and to obtain direction in detector
optimization. Moreover, newly developed U-type detec-
tors for DNA must be examined for quality stabilization
respective in positional resolution.

EXPERIMENTS: The PSD detectors, an amplifier
and a power source for PSD were supplied by Toshiba
Electron Tubes & Devices Co., Ltd. To investigate posi-
tional resolution, proportionality and detectable region of
PSD, CN-2 port was utilized during Oct. 4-6 and Nov.
15-16, 2011. Neutron beam irradiated a PSD set on the
sample table through a slit of Imm in width and 14mm in
height. 5 minute irradiation at the reactor operation of
IMW provides enough counts around 2.4x10* at the peak
for PSD with 6 atm *He gas and 1/2 inch diameter.

RESULTS: Fig. 1 shows the sketch of the U-type *He
PSD and the irradiated position. Fig. 2 shows the results
for the positional resolutions of (a) the U-type PSD with
6 atm *He gas in the tube of 1/2 inch diameter and (b) the
straight PSD with 1/2 inch diameter and 6 atm *He gas
pressure. In general, the positional resolution of PSD is
higher at the middle of the tube than at the end. Even
U-type PSD exhibits such a tendency. Both the open
edges of U-shape show larger FWHM values, while the
connected bottom of U-shape shows a relatively small
FWHM. The proportionality of the detecting position is
quite good for both U-type and straight-type PSD’s. A
300 mm length straight PSD with 21.4 atm gas pressure
in the 1/4 inch tube has the highest resolution of 3.43 mm
due to the effects of gas pressure of *He, small diameter
of the tube.

Characterization for U-type and Straight-type *He PSD
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Fig. 1. Sketch of U-type *He PSD and the irradiat-
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Fig. 2. Positional resolution of (a) U-type *He PSD
at the positions of £43, £81.5, 117, 150, £188 mm
from the connection (the bottom of the U shape) and
(b) straight-type *He PSD at the positions of +300,
+150, 0 mm (center of the tube).
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INTRODUCTION: In decommissioning of nuclear
power plants, radioactive inventory of structural materials
in the facility induced by neutron activation generated
from the reactor is a major problem. For example, in
view of estimation for exposure of occupationally ex-
posed persons involved in demolition work of nuclear
facilities, public safety assessments, plans for demolition
work of nuclear facilities, evaluation of radioactive
wastes, and so on. Evaluation for radioactive inventory is
necessary information to carry out decommissioning
safely and reasonably.

Evaluation for radioactive inventory, however, be-
comes overly conservative by being taken likelihood on
the safety assessment in the present situation. As prob-
lems in the evaluation, there are three points as follows.

@ Accurate material composition should be used for
domestic nuclear facilities.

® Newest activation cross section should be used in the
evaluation.

@ Realistic spectrum should be used on the assumption
of neutron energy spectrum of a typical LWR.

This study focuses on material composition, and calcu-
late radioactive inventory more reasonable. The purpose
of this study is to contribute to improve the accuracy of
the evaluation of radioactive inventory, focusing particu-
larly on the main structural materials [1], [2], [3].

EXPERIMENTS: This experiment aims to establish
an experimental system that simulates the neutron spec-
trum of a typical LWR. Optimal moderator to reproduce
the neutron spectrum of a typical LWR is evaluated by
Using MCNP-5. And then, the neutron irradiation ex-
periment is implemented through an evaluated modera-
tor.

In order to reproduce the spectrum of typical LWR, it is
necessary to moderate the energy spectrum of neutrons of
Slant. As a moderator, 250pm thickness cadmium is
adopted for the adjustment of the spectrum. According to
Figure 1, moderated spectrum is close to the goal spec-
trum of LWR.

In this experiment, irradiated materials are Iron and
SUS304. Size of the Iron sample is 10mm diameter and
20mm height, and weight is about 12g. And size of the
SUS304 sample is 1.0mm diameter and 20mm height,
and weight is about 0.12g. These samples should be put
in polyethylene capsule.
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Fig.1 Transmission spectrum

RESULTS: Table.l shows a list of radioactivity of
each nuclide in irradiated Iron. Radioactivity of Mn-56
is seen remarkably. But radioactivity of other nuclides is
not seen well. Table.2 shows a list of radioactivity of each
nuclide in irradiated SUS304. Radioactivity of Mn-56 is
also seen remarkably. And radioactivity of **Cr and **Co
are seen

Table.1 List of radioactivity (Iron)

Radsoactivit:
Rudbosctivity | T roectivity

Halt Bt [sec] | Emission rate Teal

¥ ener, wrlkeVl|  Nuclide et pa a5
B4/

S0 r 13n | [} 5‘ [ |

25048 263765 22773 22084 0,889 324063 27275

1088.2 743, 58 3BA4ED0 0,565 1192, 100

18106 48368 38217 92644 0272 350082 30209|

?'ﬂ{
& & 2

Table.2 List of radioactivity (SUS304I)

Radbvectivity
Ermission rate| Radoactivity [Bal | per mass
[Bas&]

¥ energy [keV]|  Muclide Mat Half life [s0c]

320.1| 51| 4197 017 2393280 0.0983| 78 7|
511 ! 12311 050
8108 Co-56) 1304 005 8117120 0994 5 a9

B46.8] =56 732y 029, 92844 0.989] 15455 122276)
1810.6 Min=56) 1152 0,05 22644 0.272| 16093 127364
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