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OBJECTIVES: Irradiation facilities of high-energy
particles for neutrons (Material Controlled irradiation
Facility), ions (e.g., Heavy ion irradiation facility) and
electrons (Low temperature irradiation facility,
KUR-LINAC) have been extensively developed at the
Research Reactor Institute. The developed facilities
have been in operation and opened for joint research pro-
jects. One of the objectives of this project is to improve
or optimize irradiation facilities for more accurate irradi-
ation experiments.
As characterization techniques for irradiated materials,
a slow positron-beam system and a focused ion beam
system have been developed and introduced, respectively,
in addition to previous characterization facilities such as
an electron microscope, an electron-spin-resonance spec-
trometer, a bulk positron annihilation spectrometer and a
thermal desorption spectrometer. Another objective is
to introduce new techniques or reconsider analytical
methods of previously used characterization techniques.
Based on these two objectives, we expect promotion of
previous research and attraction of new users for the joint
research program. The allotted research subject (ARS)
and individual co-researchers are listed below.
ARS-1:
Study on efficient use of positron moderation materials
(A. Kinomura et al.)
ARS-2:
Effects of electron-irradiation on Cu solubility and diffu-
sivity in Fe studied by three dimensional atom probe
(K. Nagumo et al)
ARS-3:
Irradiation defects of F82H irradiated at SINQ using pos-
itron annihilation spectroscopy (K. Sato et al.)
ARS-4:
Study on irradiation effect and electrical and optical
properties of compound semiconductors (K. Kuriyama et
al.)
ARS-5:
Validation of D3xt0.5 TEM disk size miniature test
specimens for post-irradiation thermal diffusivity meas-
urement (M. Akiyoshi and A. Kinomura)
ARS-6:
Positron annihilation study on Fe-Cr binary alloy after
electron irradiation (T. Onitsuka et al.)
ARS-7:
Positron annihilation study on free-spaces in DLC and
heteroelement-containing DLC films (K. Kanda et al.)
ARS-8
Thermal stability of diamond-like carbon films (S. Nakao
et al)

RESULTS: In ARS-1, the performance of the bright-

ness enhancement system of the slow positron-beam sys-
tem of Kyoto University research Reactor (KUR) was
evaluated by using an electron beam instead of a positron
beam with emphasis on focused beam sizes as function of
extraction coil current.

In ARS-2, a sample holder for temperature-controlled
electron irradiation by KURRI-LINAC has been devel-
oped to investigate radiation-enhanced diffusion process-
es of impurity atoms in Fe. The experiments indicated
that the dissipation of beam heat is important to control
irradiation temperatures.

In ARS-3, reduced activation ferritic martensitic
(RAFM) steels irradiated by a spallation neutron source
and an electron beam were compared to investigate the
He effects on irradiation-induced defects. Positron an-
nihilation coincidence Doppler broadening (CDB) meas-
urements were performed to characterize the samples.

In ARS-4, GaN samples after gamma-ray irradiation to
a total absorption dose of 160 kGy were characterized by
Rutherford backscattering spectrometry using a 1.5 MeV
proton beam to investigate the effect of gamma-rays dur-
ing transmutation doping by neutron irradiation.

In ARS-5, TEM disk size miniature test specimens to
investigate the influence of irradiation on thermal diffu-
sivity was examined by 8 MeV electron beam irradiation
using KURRI-LINAC. It is concluded that the use of
miniature specimens is validated.

In ARS-6, simple binary Fe-40Cr alloy samples after 9
MeV electron irradiation by KURRI-LINAC were char-
acterized by positron annihilation lifetime spectroscopy
and positron annihilation coincidence Doppler broaden-
ing (CDB) measurement.

In ARS-7, positron annihilation lifetime measurements
for DLC films by a slow positron beam were planned but
no experiment was performed as KUR was not in opera-
tion.

In ARS-8, the relationship between thermal stability
and the bonded hydrogen in several types of DLC films
by thermal desorption spectroscopy (TDS). The results
indicated that the structural changes may be driven by the
creation and annihilation of defects caused by hydrogen

desorption.

CONCLUSION: Developments and improvements on
the slow positron-beam system and electron irradiation
have been performed. Combinations of new materials
and different irradiation/characterization techniques have
been examined. These studies were performed in the
line of the two objectives in this project. Further studies
are expected in the following year.
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INTRODUCTION: Positron annihilation spectroscopy
is widely known as a method to probe vacancies, vacant
spaces and free volume of atomic scales. It is consider-
ably important to obtain intense and mono-energetic slow
positron beams to perform positron annihilation spec-
troscopy of thin films or surface layers. Positron
sources based on pair creation can generate more intense
slow positron beam than radioisotope-based positron
sources. Therefore, positron sources using pair-creation
by gamma-rays from a nuclear reactor have been devel-
oped to obtain an intense slow positron beam at Kyoto
University Research Reactor Institute. Sizes of reac-
tor-based positron sources are generally wider than ac-
celerator-based sources. In the case of the slow positron
beam system at Kyoto University research Reactor
(KUR), the size of the positron source is approximately
30 mm in diameter. As sample sizes of actual samples
are often less than 10 mm, it is necessary to reduce beam
sizes efficiently with keeping beam intensity as high as
possible. For positron beams differently with electron
beam, brightness enhancement methods are used for this
purpose, where strong focusing and efficient positron
re-moderation are essential. In this study, we concen-
trate on the brightness enhancement system in the KUR
slow positron beam system.

EXPERIMENTS: Electron beams have been used as
an alternative methods. Two types of electron sources
were prepared for this study. They are a photoelectric
source using ultraviolet light illumination and a thermal
electron source using a filament. The photoelectron
source is used for weak beam measurements comparable
with positron sources. The thermal electron source is
used for transport efficiency measurements with relative-
ly intensive beams that can be detected by an ammeter.
For both methods, phosphor screens with microchannel
plates were used to monitor beam shapes.

Focusing performance of the brightness enhancement
system was evaluated with the electron beams. Figure 1
shows the schematic view of the brightness enhancement
system of the KUR slow positron beam system [1].
Positrons (electrons) are transported by guiding magnet-
ics fields by solenoid and Helmholtz coils along the
beamline. However, the beam has to be extracted from
the guiding magnetic fields for focusing using magnetic
lens as the guiding magnetic fields interfere with the fo-
cusing magnetic field. The termination of guiding
magnetic fields is achieved by gradually reducing and/or
inverting magnetic fields. In Fig. 1, large Helmholtz
coils were used for transport magnetic fields and smaller
Helmholtz coils (labelled as MA and MB) were used to
adjust the termination fields.

Study on Efficient Use of Positron Moderation Materials

RESULTS: To examine and optimize the beam extrac-
tion method from the guiding magnetic field to the fo-
cusing magnetic field, beam diameters were measured as
a function of extraction coil (MA in Fig. 1) current in Fig.
2. The second extraction coil (MB) was not used in this
case. The electron energy at the source was 10 eV and
the acceleration energy at the acceleration gap (‘accel.
gap’ in Fig. 1) was 5 keV. Beam trajectory calculations
indicated that the beam divergence at the lens entrance
increase with increasing lens current (not shown). The
simulation also indicated that the focusing properties of
the lens is non-linear and focusing is stronger with in-
creasing radial distance from the beam axis. On the
other hand, the influence of spherical aberration gets
more significant with increasing radial distance. The
variation of the beam diameter in Fig. 2 can be interpret-
ed as a result of combination of the two effects. Thus,
optimum extraction coil current must be carefully deter-
mined.

In summary, we have evaluated performance of the
brightness enhancement system of the KUR slow posi-
tron beam system by using an electron beam instead of a
positron beam. In particular, the beam extraction from
the guiding magnetic field was examined as function of
the extraction coil current.

ACKNOWLEDGEMENT: We would like to
acknowledge the important contribution of Yoshihiro
Kuzuya on this study.
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Fig. 2. Beam diameter as a function extraction-coil

current at the re-moderator position.
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INTRODUCTION: Reactor pressure vessel (RPV) is
one of the most important parts in nuclear power plant
since RPV holds nuclear fuels, control rods and primary
cooling water. Therefore, irradiation-induced embrittle-
ment of RPV steels is vital issue for the safe operation of
nuclear power plants. Substantial studies have revealed
that nano-sized Cu precipitates are formed by neu-
tron-irradiation and cause the embrittlement. In order to
understand the kinetics of Cu precipitation, the diffusion
coefficient and the solubility limit of Cu in Fe are the
important basic quantities [1, 2].

It is predicted that diffusivity and solubility may be
strongly affected by irradiation [3]; for example, diffusiv-
ity is greatly enhanced by irradiation because vacancies
and interstitials, which are necessary for diffusion of so-
lute atoms, are remarkably induced during irradiation.
Such enhancement of diffusion has been modeled and
simulated, however, experimental studies are very limited
at present. In this study, we introduce Frenkel pair which
can evaluate basic irradiation effect using KUR LINAC,
and try to investigate the electron-irradiation effects on
Cu diffusivity in Fe. In addition, the electron-irradiation
effects on the solubility limit is investigated.

EXPERIMENTS: Pure Fe (99.999%) was used as a base
material for the sample. It was cut into a plate shape of
about 5 mm x 5 mm x 1 mm and the surface of the sam-
ple was mechanically polished with abrasive papers of
#2000. After removal of the machined layer by chemical
polishing, the sample was evacuated to 10 Pa or less.
Further, Ar gas sputtering was performed in the vacuum
chamber to clean the sample surface. Pure Cu (99.999%)
was used as the deposition source after chemical polish-
ing with 5% nitric acid to remove the oxide layer on the
surface. In the vacuum chamber, electron-beam heating
was employed for dissolution of Cu. The deposition
thickness of Cu on Fe was ~3 um, which was sufficient
for the diffusion distance (several 100 nm) expected in
this experiment.

Electron-irradiation was performed with electron
beam with energy of 5 MeV at LINAC. The irradiation
temperature and the irradiation time were about 700 K
and 30000 seconds, respectively.

After electron-irradiation, needle-like samples con-
taining a copper-iron interface for three-dimensional at-
om probe (3D-AP) were fabricated with focused-ion
beam apparatus. In 3D-AP measurement, a laser pulse
mode was employed to reduce the frequency of sample
fracture, at temperature of 55 K, a laser energy of 100 pJ,
and a repetition frequency of 200 kHz.

RESULTS: Figure 1 shows atom maps of Cu, Fe and O
in the electron-irradiated Cu-Fe diffusion pair. The inter-
face of Cu-Fe was successfully detected. Cu atoms were
hardly observed in Fe matrix region, and its concentration
was less than 0.04 in atomic percent. 3D-AP measure-
ments were performed by using several needle-like sam-
ples, and the similar results to fig. 1 were obtained. It is
noted that O, a typical impurity of this system, was not
segregated at the Cu-Fe interface nor penetrated into Fe
matrix, showing no impact of such impurities on Cu mo-
bility.
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Fig. 1: Atom map obtained by 3D-AP analysis for Cu
and Fe in Cu-Fe diffusion pair electron irradiated at
LINAC in KUR at 700 K for 30000 seconds.

The obtained 3D-AP results show that the solubility
limit of Cu in Fe hardly changes even under elec-
tron-irradiation. On the other words, it was found that
forced solid solution due to excessive atomic vacancies
did not occur.

In order to clarify the irradiation effect against diffu-
sion, we plan to evaluate the diffusion coefficient of Cu
via the kinetics of Cu precipitation by conducting similar
irradiation experiments on Fe-Cu dilute alloy, such as
water-quenched Fe-1.0wt. %Cu alloy.

REFERENCES:

[1] T. Toyama et al., Scrip. Mater., 83 (2014) 5-8.

[2] M. Shimodaira et al., Mater. Trans., 9 (2015)
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INTRODUCTION: The reduced activation ferrit-
ic/martensitic (RAFM) steels are candidates for the first
wall and blanket of fusion reactors [1]. Because of its
good irradiation resistance, the study of irradiation effects
of the RAFM steels is also important for the structural
materials of spallation neutron source including acceler-
ator driven system [2]. One of features of spallation neu-
tron source is high production rate of gas atoms [3],
which leads to the formation of a large amount of He
bubbles. He bubbles have great influence on mechanical
properties of structural materials [4,5], and clarifying the
growth mechanism of He bubbles is significant for the
development of nuclear materials. In the present study,
the defect structures in F82H irradiated with protons and
neutrons by SINQ (the Swiss Spallation Nuetron Source)
were studied using positron annihilation spectroscopy,
and the growth process of He filled vacancy clusters by
the isochronal annealing test was discussed.

EXPERIMENTS: The F82H was irradiated in the
second STIP (STIP-II, the SINQ target irradiation pro-
gram). The irradiation dose, average irradiation tempera-
ture, and calculated production of H and He were 7.2 dpa,
385 K, 531.5 appm and 2105 appm, respectively. For
comparison, 8 MeV electron irradiation was also per-
formed for 5.5 h (short term, 7.23 x 10! e /m?, 1.3 x 1074
dpa) and for 70 h (long term, 9.29 x 10?> ¢ /m?, 1.7 x
1073 dpa). A three-detector system using a fast digital
oscilloscope [6] was adopted for the positron annihilation
lifetime (PAL) measurements, thereby reducing the
background counts and making it possible to measure
highly radioactive samples. The time resolution of the
system was 150 ps (full width at half maximum). Each
spectrum was accumulated to a total of 1.4 x 10° counts.

The spectra were analyzed using the PALSfit program [7].

Positron annihilation coincidence Doppler broadening
(CDB) measurements were also performed. In order to
obtain CDB spectra, two Ge-detectors were placed at
180° with respect to one another with a spacing of about
400 mm therebetween. The overall energy resolution of
the two Ge-detectors was 1.4 keV at FWHM for 511 keV

y—rays. CDB spectra were accumulated to a total of more
than 1.0 x 107 counts. Sabelova et al. reported that He
effect range of CDB spectra is 5-12 x 1073 mc [8].
Therefore, the parameters S and W are defined as the ratio
of the low-momentum (P < 2.5%1073 mc) and
high-momentum (7 x 1073 mc < |Pr| < 12 x 1073 mc) are-
as in the Doppler-broadening spectrum to the total area,
respectively. Here, m is the electron rest mass and c is the
velocity of light.

RESULTS: Variation in S-parameter is almost the same
as that in mean positron lifetime. This correspondence
between S-parameter and mean lifetime was also ob-
tained in the previous study [9]. The long lifetime de-
creases as the annealing temperature is increased up to
573 K, and the spectrum does not decompose into two
components after annealing at 673 K. The lifetime de-
crease is due to the absorption of He atoms weakly
trapped in the matrix. The increase of the mean lifetime
above 873 K results from the growth of He bubbles by
absorption of vacancies and the release of H atoms. The
vacancy (V)-He, complexes dissociate at 773 K and the
release of H atoms from proton and spallation neu-
tron-irradiated F82H peaks between 573 and 673 K. We
cannot see the conspicuous peak caused by the He atoms
in the momentum range of 5-12 x 107 mc in CDB ratio
curves. In order to get the He effect on the CDB spectra,
S—W plots were drawn. Maximum error of S and W pa-
rameters is 2.5x10* and 1.2x10%, respectively. In the
electron irradiation, only defects are introduced and gas
atoms are not formed. Positron trapping rate into He bub-
bles is smaller than that into empty voids. So, if CDB
spectra are influenced by the He atoms of He filled va-
cancy clusters, the change in S- and W-parameter should
be different from that of electron-irradiated samples. The
slope is slightly different between solid and broken line,
and this difference means the effect of He atoms.
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INTRODUCTION: Examining the defects caused by
various radiations to GaN under the space environment is
important. In our previous study [1, 2], we reported that
the energy levels relating to nitrogen vacancy (Vy) and
gallium vacancy (Vg,) were induced by neutron and pro-
ton irradiated GaN. The neutron irradiation has been used
as the neutron transmutation doping into semiconductors
such as GaAs [3], GaP [4], and GaN [5]. Atoms in semi-
conductors mainly transmute by a (n, y) reaction. There-
fore, to survey the radiation effect of gamma ray alone is
meaningful. In the present study, we report the lattice
displacement in GaN bulk single crystals by gamma-ray
irradiation.

EXPERIMENTS: GaN bulk single crystals with a
thickness of 450 = 50 um were purchased from Furuka-
wa Co. Ltd. The crystals were irradiated at room temper-
ature with gamma-rays of 1.17 and 1.33 MeV from a
cobalt-60 source of Kyoto University Research Reactor
Institute. Samples were irradiated with an absorption
dose rate of 1.771 KGy/h. Total gamma-ray dose was 160
kGy. The resistivity varied from 30 Qcm for an
un-irradiated sample to 10* Qcm for gamma-ray irradi-
ated one. Rutherford backscattering spectroscopy analy-
sis (RBS) was carried out using 1.5-MeV H' ions from
the van de Graaff accelerator of Hosei University.

RESULTS: Fig. 1 shows typical random and aligned
RBS spectra of as-irradiated and un-irradiated GaN bulk
single crystal. The aligned spectra were obtained from
scattering along the <0001> channeling directions. The
minimum yield ., (the ratio between aligned and ran-
dom) of Ga and N was evaluated using a width of about
20 channels (120 nm) behind the surface peak. The val-
ues of ymin for Ga were 1.5 % for un-irradiated and 2.3 %
for gamma-ray irradiated samples. On the other hand, the
values of ymi, for N were 7.7 % for un-irradiated and
9.5 % for gamma-ray irradiated samples. The number of
displaced Ga and N atoms estimated using yYmi, values
were 3.5 x 10 cm™ and 8.7 x 10% cm?, respectively.
Although the disorder is recognized in Ga and N lattices,
the displacement concentration of N atoms is about two
times larger than that of Ga atoms. This suggests that N
interstitial (N;) exists in gamma-ray irradiated GaN bulk

single crystal. This result is similar to that of the neutron
irradiated GaN [6]. Since N; atoms form the deep accep-
tor level at 960 meV below the bottom of the conduc-
tiones band [6], the origin of the high resistivity after the
gamma-ray irradiation is attributed to the carrier com-
pensation effect due to the deep level of N;.
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Fig. 1 Random and aligned RBS spectra of un-irradiated
and gamma-ray irradiated GaN.

This study has been accepted as Proceedings (Journal of
Physics, IOP (UK) ) of International Conference on the
Physics of Semiconductors 2016 , Beijing.
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INTRODUCTION:

Radioactivity levels for conventional thermal diffusivity
test specimens are often prohibitively high for handling
and measurement outside the hot cell facilities with can-
didate metallic materials, such as tungsten and reduced
activation steels, of near-term technological interest for
fusion energy. In addition to this radiological constraint,
the steep temperature gradients with specimens due to the
high volumetric heating and the extreme cost per volume
associated with high flux neutron irradiation in fission
reactors strongly incentivize the use of miniaturized test
specimens in materials irradiation studies. Therefore, in
the ongoing Japan-US PHENIX project, thermal diffusiv-
ity measurement is planned to be performed using minia-
ture disc specimens with a diameter (D) of 3mm and a
thickness (t) of 0.5mm, which is generally used as speci-
men disk for TEM. These small specimen dimensions
allow a reduction of radioactivity by a factor of 44 as
compared with a D10 X t2 standard specimen. This study
validates this D3 X t0.5 miniature specimen type for
post-neutron irradiation measurement of thermal diffu-
sivity.

In addition, electron-beam irradiation using KURRI-
LINAC is now most effective method to study irradiation
effectsin thermal diffusivity. It require about one week to
achieve 0.01dpa with accelerate energy of 30MeV and
highest current (200 z A) , where the target volume is
limited to D10 and thickness was about 2-3 cm. Further-
more, when we using low-energy beam (8MeV) to avoid
the activation, it required longer days and thinner target
(<1cm). Therefore, the small specimen mentioned above
is also important for the electron-beam irradiation.

EXPERIMENTSand RESULTS:

The thermal diffusivity measurements of D3X10.5 tung-
sten specimens were performed using a Netzsch LFA-457
from room temperature to 500°C. A specimen holder was
designed to fit into a Netzsch standard holder (Fig. 1).
Since the back-side of a D3 specimen radiates only a
small amount of infrared to measure the temperature
change after a laser flash, the extrapolation from the
temperature dependency above 150°C is required to ob-
tain a reliable thermal diffusivity at room temperature.
Furthermore, there was till a systematic difference of
20% from a standard size specimen. In the LFA-457 sys-
tem, the pulse width of laser flash, T; = 0.33ms, is not fast
enough compared with the diffusion time of heat in
0.5mm thickness. It is required that T; is smaller than
1/10 of Ty, then the thickness of the specimen is re-

quired to be larger than 1.3mm for unirradiated tungsten.

Consequently, measurement of the miniature specimens
was performed using new Netzsch LFA-467 where the
minimum of T; is only 20us. Also the LFA-467 uses op-
tics to condense the radiated infrared from a minimum of
D3.2mm, therefore exact measurement was achieved for
the miniature specimens at room temperature. However,
it was turned out that the effect of surface carbon coating
is not ignorable to avoid transmission of laser flash and
enhance the radiation efficiency of infrared from the
back-side. These coating layer is enough thin and the
thermal diffusivity is enough high when using D10 X t2
standard specimen. On the other hand, the coating layer
on the miniature specimen of which thickness is 0.5mm
is not ignorable any more. Netzsch Japan developed Gra-
phene-Nanoplatelets spray[1] that resolves this problem.
They showed almost same thermal diffusivity between
D3 X 10.5 miniature specimens and D10 X t2 standard
specimens, even using 3 -SiC that shows thermal diffu-
sivity of > 100mm?/s.

CONCLUSION:

It is concluded that the miniature specimen for meas-
urement of thermal diffusivity is validated and this result
will be widely used in future materialsirradiation studies.
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Fig. 1 A schematic image of the specimen holder for D3
small specimens.
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INTRODUCTION: High-chromium (9-12%Cr) Fer-
ritic/martensitic steels are attractive candidate material
for various nuclear energy systems because of their ex-
cellent thermal properties, higher swelling resistance and
lower activation compared with conventional austenitic
stainless steels. The high-chromium steel as also been
considered for both in-core and out-of-core applications
of fast breeder reactors, and for the first wall and blanket
structures of fusion systems, where irradiation induced
degradation is expected to be the critical issues for reac-
tor operation [1]. In this present study, the authors fo-
cused on a precipitation response for formation of
o’-phase in Fe-Cr binary model alloy subjected to elec-
tron irradiation, in order to examine fundamental aspects
of radiation effects on a’-phase precipitate development
in iron-chromium alloys. The positron annihilation
measurement technique was used to study the behaviour
of micro-structural evolution due to irradiation-induced
defects and the formation of o’-phase simultaneously.
Because the phase decomposition into Fe-rich (o) and
Cr-rich (o) phases will co-occur in Fe-Cr alloy, the for-
mation of o’-phase precipitates can be detected by posi-
tron annihilation coincidence Doppler broadening (CDB)
technique owing to a lesser positron affinity for Cr than
Fe.

EXPERIMENTS: Simple binary Fe-40Cr alloy was
made by arc melting under argon atmosphere in a wa-
ter-cooled copper hearth. All the ingots were melted and
inverted three times in order to promote chemical homo-
geneities. The obtained ingot was conducted by solution
heat treatment at 1077 C for 2 h followed by water
quenching, and then, machined to the dimensions of 10
mm X 10 mm x 0.5 mm. 9 MeV electrons irradiated at
100 C in KURRI-LINAC. The irradiation dose and dis-
placement damage range ware 3.0x10'7-2.0x10" e/cm’
and 0.04-0.3 mdpa. After the irradiation, all specimens
were mechanically polished and then electrolytically pol-
ished with methanol : sulfuric acid = 75 : 25 (Vol. %) at
20-30V to remove surface damage from previous steps.
Then, positron annihilation lifetime measurement and
CDB measurement were performed.

RESULTS: Fig. 1. shows the positron annihilation life-
time measurement results of electron irradiated Fe-40Cr
alloy. The longer lifetime components (t,) around 150
psec corresponds to vacancy type defects. They are
slightly smaller than the corresponding lifetimes at single
vacancy in pure Fe. Fig. 2 shows the S-W plots obtained
from positron CDB measurements for the Fe-40Cr alloy
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before (WQ) and after (0.04-0.3 mdpa) the irradiation. In
general, positron trapping in vacancies results in an in-
crease (decrease) in the S- (W-) parameter, since the an-
nihilation with the low-momentum valence electrons in-
creased at the vacancies. A high concentration of defects,
or an increase in the mean size of defects leads to a larger
contribution of annihilations from low momentum elec-
trons because positrons are trapped at defects. This is
reflected in CDB measurements by an increase in the
S-parameter and a decrease in the W-parameter as irradi-
ation dose is increased. However a rapid and significant
decrease of the S-parameter comparable with a rapid and
significant increase of the W-parameter respectively ob-
served between 0.1 mdpa and 0.2 mdpa. This behaviour
of the S- and the W- parameters suggests that an abrupt
change in the very earliest stage of mocrostructural evo-

lution was detected by positron CDB measurement
Fe-40Cr electron irradiated at 100°C

technique.
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Fig. 1. Changes of the positron lifetime results with
dose of electron irradiation of Fe-40Cr alloy
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Fig. 2. Changes of the S and the W parameters
with dose of electron irradiation of Fe-40Cr alloy
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INTRODUCTION: Diamond-like carbon (DLC) films
have attracted much attention because of their excellent
mechanical properties, such as high hardness, high wear
resistance and low friction coefficients. However, the
thermal stability is relatively low. It is reported that the
properties of some films start to be degraded over 200 °C
[1]. Therefore, it is important to improve the thermal sta-
bility of the films for industrial applications. It is consid-
ered that the changes of the microstructure at high tem-
perature should be responsible for the degradation of the
properties. The structural changes are related to H de-
sorption and behavior of defects at high temperature.
Many studies have been carried out on the thermal stabil-
ity of DLC films for the purpose of practical use. How-
ever, the principal phenomena, such as defect behavior,
are not always clear. In addition, many types of DLC or
carbon films are presented depending on preparation
conditions and methods. Recently, DLC or carbon films
are categorized from type | to VI, which includes graph-
ite-like carbon (GLC) and polymer-like carbon (PLC).
Therefore, to make clear thermal stability of DLC or
carbon films, the examination of every type of DLC films
(type | to VI) are necessary. The aim of this study is to
clarify the relationship between thermal stability and the
behavior of defects and bonded hydrogen in severa types
of DLC films by positron annihilation and thermal de-
sorption (TDS) method.

EXPERIMENTS: In the first attempt, two types of
DLC films (type | and IV) are examined by TDS meas-
urements. DLC films of type I, tetrahedral amorphous
carbon (ta-C), are prepared by arc ion plating (AIP)
method at Nippon ITF Inc. On the other hand, DLC films
of type 1V, hydrogenated amorphous carbon (a-C:H), are
prepared by bipolar-type plasma based ion implantation
(PBII) at AIST-Chubu. The details on PBIl system are
reported elsewhere [2]. Both films are about 0.5um in
thickness. Si wafer is used as substrate. The TDS spectra
of Si substrate are also measured for comparison. The
samples are thermally annealed from room temperature to
approximately 600 °C. H, H, D and DH are detected.

RESULTS: Figure 1 shows the results of H (upper) and
H> (lower) desorption spectra at elevated temperature.
For the sample of AIP (sample A), no significant increase
of H and H; intensity is observed in the range of 600 °C.
The sample A is similar in spectrum of S substrate (Ref).
This shows that the sample A includes quite less hydro-
gen. On the other hand, a clear peak around 400 °C ap-
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pears in each H and H desorption spectra for the sample
of PBII (sample B). This result clearly shows that hydro-
genisreleased from DLC films over 400 °C for the sam-
ple B. It is suggested that thermal stability of sample B is
less than that of sample A. In fact, Raman analysis re-
veals that the structural changes are occurred for the
sample B but not for the sample A in the case of 500 °C
annealing in vacuum. There is possibility that the struc-
tural changes of sample B may be driven by the creation
and annihilation of vacancy and defects caused by hy-
drogen desorption. Positron annihilation measurements
will be planned next time.
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Fig.1 TDS spectra of H and H, of DLC films (samples A
and B) deposited on Si substrates as a function of an-
nealing temperature. The spectrum of Si substrate is in-
dicated as Ref for comparison.
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