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correct for wavelength non-linearity. The coefficients are obtained by calibration of the

spectrometer with a HgAr calibration light source. The wavelength accuracy in our system

after calibration is X 0.3nm.
B. Analysis

Figure 6 shows a screen snapshot of the 2D-analysis control panel. All plots shown
are from a TLD300 sample irradiated by 60Co with a dosage of 60Gy. Two corrections are
applied to the raw data. First, the black body radiation is subtracted from the TLD spectral
data. Second, due to the optics wavelength non-linearity, a correction is applied to the
intensity based on a HgAr intensity calibration using a seventh order polynomial fit. As
shown in figure 5, the results are excellent and correspond with previous published data in
that the infrared peak is now clearly very high. Also the peak definitions are now very
sharp due to the higher wavelength resolution.

The 2D-analysis can plot intensity vs. wavelength at any given temperature,
intensity vs. temperature at any given wavelength or plot a standard glow curve (intensity
integrated over wavelength) simulating a PMT response.

The glow curves can be plofted using different spectral ranges (figure 4 and figure
7). Results show that the maximum intensities of the glow curve are generally in the blue
region of the spectrum (440-490nm). This corresponds closely with a conventional PMT
gtow curve response.

Any plot displayed can then be exported to a file as either an image file {(wmf) or as
a comma delimited file which then can be imported into a program such as Microsoft Excel
or Sigma Plot for further analysis. Figure 8 show a screen snap shot of the 3D-analysis
control panel. The user has the choice of what spectral range he would like to display and
can change the viewpoint of the plot.

As in the 2D plotting the user can export the 3D plot as a .wmf image for import into
programs such as Microsoft Word and export the data as a comma delimited file for import

into other analysis programs (see figure 9).

IV. CONCLUSION

The first measured specfra demonstrate that high-resolution TL spectra can be
measured using low cost CCD arrays. No expensive light amplification is necessary to
obtain spectra with a resolution of 1.3 nm or better at moderate dose levels around 10-60

Gy, where dose dependent effects are not yet relevant{r's). The high resolution makes it
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possible to identify lines of different width, which allows separation of the TL light produced

at different TL centers.
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FIG. 4a and 4b. Screen shots of the TLD reader data acquisition control panel and the

2D-analysis glow curve panel.
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FIG. 6. 2D-analysis control panel showing a TLD300 exposed o “Co at 60Gy.
Spectrum is shown at 140 °C where the peak intensity is.
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Abstract

The CaFyTm (TLD 300) emission spectra were measured using a low cost, high
resolution fiber optic spectrometer containing a 2048 pixels CCD array. The wavelength
resolution was 1 nm and the spectra were taken from TLD 300 chips at gamma doses
between 10 and 60 Gy. This allowed for line width discrimination of the spectral peaks. It
was found, that the TLD 300 spectrum exhibits fines with wvery different widths, which cannot
be explained by the standard Tm3' transition model. It is suggested, that other TL centers

or non radiative transitions compete with the Tm3’ transitions during recombination.
I. Introductlon

Thermoluminescence is normally described as a two step process: a) ionization and
electron trapping, b) electron hole re-combination with photon emission. Some information
about the first step, for example number and energetic depth of traps and frequency factors
can be derived from the structure of the glow curve, but for a general understanding of the
second step it is necessary to measure the spetral distribution of the emitted light. It has
been long known, that the light emission is due to recombination processes at impurities, but
there may be competing processes such as phonon coupling or recombination at different TL
centers within the crystal. Those should show up by a changing spectral distribution with

increasing readout temperature.
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TL spectra measurements have been reported by many authors(1-7). They used
optical spectrometers with dispersive gratings and intensified diode arrays or photomultiplier
tubes. The spectra extended from 200 to 800 nm and the spectral resolutions reported so
far are typically between 5 and 30 nm. The spectra were measured at temperature intervals
from 0.5 to 5 0C. The advantage of such systems is high sensitivity allowing spectra to be
taken at dose levels below 1 Gy, but they require challenging and expensive instrumentation.

Through recent development of high sensitive charge couple devices (CCD),
optical spectrometers have become available which allow, without using any expensive
image intensifiers, to take spectra from TL chips (3 mm x 3 mm x 0.9 mm) irradiated at
moderate dose levels around 10 Gy with a wavelength resolution of 1 nm. The sampling time
can be as low as 0.1 sec allowing temperature steps of 1 °C even at high heating rates of 10
°Clsec. Thus, very high resolution spectra can be taken at relatively low costs.

Most of the spectral analysis so far concentrated on the most widely used material in
dosimetry LiF:Mg,Ti (TLD 100). For this study CaF,;:Tm (TLD 300) was selected, since a
detailed theory of the TL mechanism for this material is far from certain and the experimentally
found unique behavior in High-LET fields(8) requires better understanding. Also CaF; is
known to be a low phonon lattice(9); any excitation besides that of the Tm3' centers should
show up better than in more compiex crystals like CaSO4:Tm. Spectral measurements on
CaF,:Tm were performed by Padhran and Bhati(4) at wavelengths between 300 and 500 nm.
They found peaks at 345, 445 and 470 nm and observed a shifting ratio of the 445 to 470 nm
peaks with temperature. Later Jakob et al.(6) found a strong infrared emission near 800 nm,
which was 14 times higher than the visible light for the 140 3 peak and 6 times higher for the
240 °C peak. They proposed to use this emission for the recording of glow curves with IR
diodes(10). McKeever(7) published CaF,:Tm spectra showing broad IR peaks at 650 and 795

nm but did not show details of the line shape due to insufficient wavelength resolution.

ll. Experimental Methods and Procedures

The CaF,:Tm (TLD 300) material was used as chips of size 3 mm x 3 mm x 0.9 mm.
The annealing was done at 400 °C for 1 hour. Al chips were irradiated with a teletherapy
cobalt unit at a dose rate of 0.8 Gy/min. The spectra were taken using a newly designed,
computer controlled heating device similar fo the one used in commercial TL readers. The

TL light is transported by an optical fiber cable, positioned above the TLD sample, to an optical
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spectrometer. The light then gets dispersed by a 600 lines/mm grating onto a 2048 pixel
CCD linear array. The entry slit is 25 micrometer wide.

The spectra were taken from 177 to 890 nm with a wavelength resolution of 1.2
nm and a sampling rate of 1 sec. This corresponded to a temperature resolution of 10
c’C, since the heating rate was set at 10 °Clsec.

The frequency calibration was performed using a mercury-argen light source. The
systematic wavelength error thereby is reduced to less than 0.5 nm. The wavelength
dependence of the CCD response, the fiber optics attenuation and the grating characteristic
was carefully corrected for. The details of the spectrometer setup are reported elsewhere(11).
The computerized readout allows displaying 3-dimensional plots of TL intensity against
wavelength and temperature as well as spectra at selected temperatures or glow curves for a
selected wavelength range. The sensitivity of the spectrometer can be characterized by a
signal to noise ratio of 30:1 at 50 Gy irradiation. The signal to noise ratio can  further be
enhanced by subtracting the black body radiation, by taking a second reading, from the initial
reading. This alsc reinforces that the infrared peak is a TL emission and not thermal induced
IR noise. The sensitivity can be increased by integrating over larger temperature andfor
wavelength steps. For comparison glow curves were also taken with a Harshaw 2080 TL

reader and 2000A picoprocessor interfaced to a standard PC.
lll, Results and Discussion

A high resolution three dimensional spectrum of CaFyTm TL intensity against
wavelength and temperature is shown in Fig. 1.a,b It was taken after irradiation of a TLD 300
chip with 50 Gy of 60Co gamma radiation. It is clearly seen that the ratio of the infrared lines
to the visible lines is shifting with increasing temperature. Figures 2 and 3 show spectra
taken at the peak of the first dosimetric peak (here seen at 140 c’C) and at the peak of the
high temperature peak (240 0C). At both temperatures peaks show up at 356 nm, 455 nm, 482
nm, 650 nm and 795 nm. The relative intensities vary, however: The 482 nm emission
decreases relative to the 455 nm emission by 32 % and the IR lines at 655 nm and 795 nm
decrease 60 % and 76 %, respectively. To exclude, that the line seen at 785 nm is only an
artifact from IR emission of the apparatus, a second readout was done with the same TLD

showing no signal up to 850 nm (Fig. 4).
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The high wavelength resolution makes it possible to distinguish the different line widths
of the spectral lines. The FWHM widths are given in table 1 together with the exact peak
wavelengths. For comparison the wavelengths given by McKeever(7) are shown. Many
authors (4,12,13,16) suggest that the lines can be attributed to the characteristic emission

wavelengths of Tm3'. These transitions are also given in the notation of Dieke and

Crosswhite(12).
Table 1

measured line line width FWHM wavelength  suggested Tm3’

wavelength [nm] [nm] McKeever(7) transitions
356 8.0 360 1D2 -> 3H6
455 9.5 450 1D2 -> 3F4
482 17.0 465 1G4 -> 3H6
650 25 650 1G4 -> 3F4
799 17.8 795 3H4 -> 3H8

There seem to be three types of transitions, those with 9 +/- 1 nm width lines, with 17
+/-1 nm transitions and the extremejy small line at 650 nm with measured 2.5 nm width. The
last line width is even 0.3 nm smaller, since the spectral resolution is 1.2 nm and the
measured width reflects the line width folded with the resolution width.

To ensure that the shape and wavelength of the observed transitions does not
depend on radiation dose, the spectra were taken at different dose levels between 10 and 60
Gy. No change in the specfra was observed. This is the same finding as with CaSQ,:Dy
(9)., where no change in the spectra was found up to 100 Gy. Since the glow curves taken
with the spectrometer and with a conventional Harshaw reader (Fig. 5) do not show any
significant deviation from the shape derived at low doses, there is no reason to believe that

the observed discrepancies in wavelengths are due to different doses. Except for the 482 nm
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for the 482 nm line, the discrepancies are all less than 5 nm, which can be attributed to the
limited resolution of earlier measurement.

The shift in the intensity ratio of the different emission bands was found by Goerlich
(13), Padhran(4) and Jakob(6). They suggested, that it might be due to temperature dependent
transition ratios. Two other explanations are possible: The fact, that the relative amount
of change gets larger with increasing wavelength suggests that there is competing phonon
coupling that gets stronger, the higher the temperature of the crystal. This idea is supported
by the fact that in CaSO,:Tm there is no peak showing up above 500 nm at all, because in
the IR region the non radiative transitions dominate(14,15).

The other possible explanation would be that the lines at 650 nm and 790 nm are not
due to Tm3" emission but rather due to recombination at other crystal defects. Taking into
account the different iine width, it then would even be likely that the 482 nm peak comes
from the same defect as the 790 nm peak. Then, there would be three different TL centers
competing with each other during recombination(16), thereby causing the shift in relative

intensity with increasing temperature.
IV. Conclusion

One nancmeter resolution TL-spectroscopy gives more detailed insight into the TL
process particularly into materials that exhibit a large number of emission lines like CaF,:Tm.
fn  this material the action of competing TL emissions has to be reconsidered, because the

different line widths can be resolved now and need to be introduced into theoretical models.
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3.1 A 13.56 MHz Multicusp Ion Source for High Intensity Ar Beam

D. Boonyawan, N. Chirapatpimol, N. Sanguansak and T. Vilaithong
Fast Neutron Research Facility, Department of Physics, Faculty of Science, Chiang Mai University, Chiang Mai

50200, Thailand

A 13.56 MHz radio frequency (rf) inductively coupled multicusp ion source has been developed for
producing an intense argon beam with current density in excess of 30 mAcm™ . The source chamber is
a 10 cm diameter aluminum cylinder surrounded by 20 rows of 3.5 kG Sm-Cos magnets which form a
longtitudinal line-cusp field configuration. The rf antenna coil, placed inside the source chamber, is
made of a braided wire threaded through a 2 tums pyrex tube 6 cm in diameter to prevent electrical
leakage and ion sputtering. A 10:1 turns-ratio matching transformer is used to match the 50 Q output
impedance of the rf generator to the impedance of the plasma load. Preliminary measurements were
carried out with single and 4-hole apertures extracting system using argon gas. For single hole
extraction with pressure at 5 mTorr and rf power at 500 W, the ion current density was 27 mAcm™ .
With the same operating condition, a 4-hole extracting system could achieve almost the same amount

of current density of 25 mAcm™.

L INTRODUCTION

A radio-frequency (rf) driven multicusp ion
source has been developed for applications which need
a large volume of uniform, high density and quiescent
plasmas'****. The cusp field attains a uniform plasma
density distribution in the source because primary
electrons always diffuse back into the center.
Furthermore, the plasma is free from high-energy
electrons because of electron-neutral particle collisions
arising from the drift motion in the cusp field. The rf
discharge plasma has several advantages over the de-
filament discharge because of its simpler structure,
longer lifetime operation and none of filament
contamination on the target even in the high power
continuous wave (cw) mode’*®, Rf inductively coupled
technique has been shown to give ion beam with much
less energy spread than that of capacitively coupled
one™. Also, it has a higher discharge efficiency,
especially, when operated in cooperation with
multicusp magnetic field"®. The earlier version of the rf
discharge plasma source with multicusp permanent
magnet confinement developed at Chiang Mai
University has been succesful in the production of ion
beam from reactive gas such as oxygen®.

This paper describes a modified version of our
13.56 MHz multicusp ion source for the production of
intense argon beam using a multi-hole ring beam
extracting system.

O. EXPERIMENT
A. Ton source

The ion source which is an improved version
of the CMU 13.56 MHz multicusp ion source

described previously’ is shown schematically in Fig. 1.
The source chamber is made of an anodized aluminum
cylinder with 10 cm in diameter and 9 e¢m long. The
inner wall is surrounded by 20 columns of Sm-Cos
magnets to form a longtitudinal line-cusp field
configuration. The plasma is produced by an
inductively coupled rf discharge, in which rf power is
transferred by ohmic dissipation of induced f currents
which are caused to flow in the plasma by high
frequency transformer action. The rf power is fed to an
antenna coil placed in the ion source chamber via a
tunable matching box.

Fig. 1 Schematic diagram of the CMU 13.56 MHz multicusp
ion source

The new rf antenna coil is made of a braided
wire threaded through a 2 turns pyrex tube bent in a
circular shape 6 cm in diameter. This version of the rf
antenna coil has been adopted to avoid cracks in the
porcelain coating due to the thermal stress founded in

*submitted to Review of Scientific Instruments, 1999 and accepted for publication.



the last coil version. The advantage of using a braided
wire in place of a single tube is that it increases the
surface of conducting rf current in addition to the
easing of the threading process.

RF. Shield

-
|
|
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{
|
|

CAPACITOR
10 - 60 pF.

Fig. 2 Matching circuit for maximum r1f power
transfer to the antenna coil

The matching box as shown in Fig. 2 is
installed with rf shielding and electrically connected to
the end flange of the ion source to reduce rf coupling to
the extraction voltage. A 10:1 turns-ratio matching
transformer steps up the load current while the
capacitor C and inductor L. keep the matching
resonance at 13.56 MHz. Rf filters are used at all input
and output connectors to suppress all possible rf
interferences which may affect the measured signal.

B. Beam extraction

Normally, the process of extracting and
transporting positive ion beam with high current
density relies on electrical neutralization of the beam
by low energy electrons to keep it from expanding
under the influence of its own space charge. Recently,
other techniques such as the aperture displacement
technique'® and dished grid extraction'' have been tried
for an intense ion beam. We have choosen the multi-
hole aperture with quasi-Pierce type electrode
approach. Two types of extraction systems have been
used for the experiments. One is a single-hole 3-
electrodes extraction system, which includes 3
stainless-steel electrodes with a 2 mm diameter hole.
The electrodes spacing are 3 mm and 1 mm,
respectively. The other is a multi-hole extraction
system, which is made of 3 stainless steel dishes with 4
of 2 mm extraction holes situating on the 2.4 cm
diameter circle to produce a (discrete) ring beam. With
this configuration, the second electrode for both types
of extractions operates as a suppressor to prevent
backstreaming electrons from accelerating back to the
ion source. Experiments have been carried out on a T-
shaped vacuum chamber test bench with a 520 Is”'
turbomolecular pump. The ion source is powered by a
1,250 watts transistorized 13.56 MHz rf generator
(ENI-OEM-12A) via a matching box. Extraction and
suppression voltage supplies cover the range of 0 to 30
kV and 0 to -5 kV (Glassman HV Inc.), respectively.
The gas supply is controlled by a precision needle

valve. Closed-circuit cooling water with adequate flow
rate is supplied to all devices.

M ligumg o gwarcd
Cxtrection tpiten
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Fig. 3 Schematic of the experimental setup

The experimental arrangement including the
ion source, the extraction system, and a Faraday cup is
shown in Fig. 3. Typically, the first extraction or
plasma electrode is electrically biased at 5 kV, and the
second electrode at -1 kV with respect to ground,
while the third one is connected to ground. The
operating pressure of argon gas 15 5 mTorr unless
specified. The Faraday cup is made from stainless steel
and biased with —120 V to suppress the secondary
electron emission. The rf power supply is installed on
an isolation stand to operate at the same potential as the
ion source. This rf arrangement has been founded® to
reduce the iomn beam energy spread due to rf
interference. The current density is obtained by
dividing the extracted beam current by the total beam
extraction area.

b — . " 8

Ar @ 500 Wrf

24

Faraday cup current (maA)
Current density {(mAcm™)

—— calculgted

A measured

-

1

0.0
&£ 8

Extraction voltaga (kV)

Fig. 4 Argon current density versus extraction
voltage at 500 watts rf power from single hole extraction.
Solid line is calculated from the Child-Langmuir equation



1. RESULTS

Figure 4 shows the dependence of the argon
current density against extraction voltage at 500 watts
rf power from the single-hole extraction system. The
saturation current density of 27 mAcm™ is realized at
about 8 kV extraction voltage. The extracted beam
current almost follows the Child-Langmuir equation.
For this extraction geometry, the angle of beam
divergence measured by 2 sets of the multiwire beam
profile monitor is found to be about 49 mrad. The
experiment indicates that the argon current increases
with the decrease in source pressure and increases
linearly with increasing of rf power.

Four holes extraction

Extracted ciireent (ms)
~

hleal v w 4NN S0

Rf input power (watts)

FIG. 5 Extracted argon current versus rf input power from 4-
hole exiraction

FiG. 6 Image of the four argon beam spots as seen on the
beam profile monitor

a7

Fig. 5 shows the extractable argon current as a
function of rf power from 4-hole extraction system.
The argon current measured by the modified Faraday
cup for this large beam is about 3.4 mA. Fig. 6 shows
four argon beam spots on the beam profile monitor
with average current density of about 25 mAcm™.

IV. CONCLUSIONS

We have constructed a high intensity argon ion
source producing ring beam with 4-hole, 3-electrode
extraction system. Our experimental results obtained
thus far indicate that for this kind of ion source, the
current-power relation at this discharge frequency and
maximum argon current density obtained are in
agreement with other experiments™®”'* at 40 mA em’
kW' We plan to increase beam brightness by
increasing number of the extracting holes and
optimizing the extraction system geometry,

ACKNOWLEDGEMENTS

We would like to thank W. Tantraporn for his
technical advice and encouragement and to K.N. Leung
for his advice on the design of the first version of this
ion source. We also thank R. Charconnukul, S.
Amkaew and N. Pasaja for their technical assistances.
This work is supported in part by the Thai Research
Fund.

[17 K.N. Leung, D.A. Bachman, P.R. Herz, and D.S. McDunzld,
Nucl. Instrum. Methods Phys. Res. B 74, 291 (1993).

[2] P. Spadike, J. Bossler, H. Emig, K.D. Leible, C. Muhle, H.
Reich, H. Schulte, and K. Tinschert, Rev. Sci. Instrum. 69, 1079
(1998).

[3] W.A. Barletta, W.T. Chu, and K.N. Leung, Rev. Sci. Instrum.
69, 1085 (1998).

[4] Y. Lee, R.A. Gough, W.B. Kunkel, K.N. Leung, I. Vujic, M.D.
Williams, D. Wuste, and N. Zahir, Rev. Sci. Instrum. 69, 877
(1998).

[5] D. Wutte, S. Freedman, R. Gough, Y. Lee, M. Leitner, K.N.
Leung, C. Lyneis, D.S. Pickard, M.D. Wittiams and Z.Q. Xie, Nucl.
Instrum, Methods Phys. Res. B 142, 409 {(1998).

[6] S.T. Melnychuk, T.W. Deblak, and J.5. Sredniawski, Rev. Sci.
Instram. 67, 1662 (19986).

[7] Y. Lee, R.A. Gough, W.B. Kunkte, KN, Leung, L.T. Perkins,
D.S. Pickard, L. Sun, J. Vujic, M.D. Wiliams, and D. Wulte, Rev.
Scl. Instrum. 68, [398 (1997).

[8] T. Shirakawa, H. Toyoda, and H. Sugai, Jpn. J. Appl. Phys. 29,
1015 (19%90).

[9) D. Boonyawan, P. Suanpoot, and T. Vilaithong, Surface and
Coatings Tech. 112, 314 (1999).

[10}] H. Oguri, Y. Okumura, N. Miyamoto, J. Kusano, and M.
Mizumoto, Rev. Sci. Instrum. 67, 1051 (1996).

[11] 1. Freisinger, J. Krempel-Hesse, J. Krumeich, H. Lok, W.D.
Munz, and A. Scharmann, Rev. Sci. Instrum. 63, 2441 (1992),

[12] K.N. Leung, in “fon Source for High Purity lons”, Proc. Of
Application of Accelerators in Research and fndustry, J.L. Dugpan
and I.L. Morgan (Eds.), AIP Press, New York, 1997, pp 1203-1205.



89

3.2 Metal-Vapour Vacuum Arc lon Source (MEVVA)
waielesaulanzuuusiialugygyna (Metal Vapor Vacuum Arc, MEVVA) 19wman
fudialasen  lasmswdawamnzaslelansilianummnunings meldnuwmilale-
ag3n  aufetulasmaililansnainiuloetimnasy uasuendndulasauatazuus
KRTTIUABIN ﬁqmamﬁu@iuﬁumﬂwmmh:m': 1w sansoufalosaulauzldifiaunn
#ialuasisg ﬁﬂs:ﬁﬂ“ﬁmw'lumwﬁmvl,aaau"l.ﬁgamnﬁqmﬁ@mﬁa nan losaulan1d
nuEUSNAIMANN (WD g waNuld) wasilianwailassanafiiadaniseanuuuuazaine e
Fapvaswelesansiiaife ﬁagmﬂﬂuma‘lmy' (macro particle) waagluiau 0.1 pm
aaslanztzUuaanunnulosan mnlﬂamﬁﬁqwaaummﬁﬂ Fulludasfiszuuusnlasen
uazauIATWIALAIYBANINTK wamuymﬁnmaatﬂ%aaﬁuﬁ@vlaaawﬁ@d Sudulwile
ﬂmwmsmﬁuﬁq ﬁ Lawrence Berkeley National Laboratory 1ae Brown uazame [1] LLazﬁ
Australian Nuclear Science and Technology Organization ﬁauﬁﬂzﬁﬂﬂ‘iam‘sﬁ'@umﬁ'ﬁhLl
lasanlancofadl ﬂmzpﬁﬁ'ﬁ‘lﬁé’}@@ia Dr. lan Brown iiavadiuusiiniamedia LLa:ﬁ'agaﬁ

[ £ b 3 d et 1 -1 = ]
Guwls=lamidaniveanuuuaineniine deldsuanusiuilaiduareé

e a f qsar a A oA v g
guciiiinlosanlanzuuy MEVWA aanan  Masuminawdwinalmiueiin
L) ar a A Q- A Qam  an r-Y ‘:T a O
lasoulansnizuagy dmiumaidsmalivwRousuiBidnaussiioumasiuiniag 9w
0 ] J I 24 T as 1
swngluszozusnd lunwesnuuy 859 usmasey sutanslWihvasiadinlesan
ﬂl LA J’ L o [ b ﬂ‘ld ¥ L= @ = A
lansfilduialosausnci Siaslinasuaslunimaesey iwnziuizgfflagudluiasjoa
m3 anzdian ldinmmasssiidulanzlanis plasma deposition Audsaiilwiiadnig A
[ o L% F-9 A dld S 1]
dulanzuszauin dwivlosaulanzafiadu g Alidnonmlumedszond 1w Fe, Ni, Cr
L a Fa [ J o k7= AI s
9ay  laussiueudiiunnuliluadeld wananit anzdidnldiGubhitmeadalassla
g = = ey A o e o o ar
Tidous i TsRasdlsznavaasnaiauilalan: sulalastieasnianltidundans
, . = % . 4
184 Ocean Optic, Inc §1 $2000 sanTniaslaaivyasusluga9021u1IARU 200-850 nm
5 a . a o Y
laald CCD 2048 channel uazdl resolution 1.3 nm. MINaaasIaTIzANa IR UDIGH 270
witnleasn MEWA venldnnurieuaslesanlunwaiaun Vlﬁﬁaasailugﬂmm'laaamm:
d =
araauNIunan

3.2.1 viannsilasanuazscuumiing
LT L7 t e 1 = c" &l ﬂld ' Qe ¥
amnziadnldaanuuunaiidinlesau wia Adanlasnalldn Wasewaraan (plasma
gun) UaTITULTI@Y (extraction) MWawnTaldorunaluuuy ion implantation sz plasma

immersion Tauiilassaiuasiriuwmemndusaslugl 321 ualoa (4lavzaslsfilén

1. 1. G. Brown et al., Rev. Sci. Instrum. 57 (1987) 1069.




90

dasmsldndaloasw) arnnasuas Suilwdndiduauwin suszwioualoafulsmin
6‘: “ L3 & oo = J o 3‘_’,
lanzaasaninines LLa:'L"ﬁagmuuunawugﬂmansmanmmLLaIum

mig@m%ﬂﬁuﬁu@humw‘%nﬁfauﬁmaJ"l,wﬁmsagommmmm%nma%ﬁi’mﬁ'uamu
lwiSnddaonaln surface ionization ldsfaualnalans adudiislulaazunsuniw n) iia

& AA a ] & n‘ L 1 S
ﬂ’J’l&liﬂ%Y\N’JLLﬂIﬂ@ LR UWU@!’]L{]%VLBQUWGERLLN L‘L]Wg@]ﬁu@l%"ﬂ aMINaMINAIENT 10

[ e = J » O A a Qo
TURANNT (Fau Usec) autfiamsariadiniznitualuanvualos lasadoiidsainmea

wiwerde Amusndentzugariarwianaissasuauuls  autsunnninvunesutd lu

e d‘ L ] 1 = A g: 2 L a
wuWaandenuniiasndt psec damsninwinss  (Fuldsidrlunmw 321 (n)
wnmnazWiaandmsusmialufieassndviualon  rhutasueluesonlulufianadh

W 5 ar a F i T i o
with gduarsdalumw 3.2.1 () aarilumnin Tudviasresnmasinineria

Aa = - < a ~ a ] a a
wozfidariilumvingiqa 5 assdaTuil (pps) Tuawraailunufianilu 25 pps wise1a

a @ “ ¢ a ed & v w |
Wuanunnasnaslunss 9 psec lofuasdfidnlumw 321 (v) ldaiawiuu
=3 A A‘ = = o = A L '
wdnluuwaunu taiRnszininwlumssuiommaan 30 3.2.2 usaslaszunsniaie
wanaan 12 RN wazmedinweneg laun madeluninineinaduay nedanlwenia
750 LC pulse line fiduduaudedr aediwlWdrWids wazmedWawwsaioes
o ar o A' ' e 5 L% et Qs G ] :Ycl
dwdusznedianaseuainsg ielilididnasanlvadounsuludsirdonasn yaidl
lamaainan space change §9ann 3609d spark gap IWailasnumafuniudalasTw

W o Q- = A -3 - lﬂl L% lj‘
wsmaasaay  dmsumwilsuwuusuyioliensiasiufivlasaulans MEWA i
umadliluzun 3.2.3

a g <40 oo o
. LLﬁ@]«ﬂWﬂﬂﬂWiW%gﬂu'ﬂl’ﬁﬂﬁLuﬂ

wmammwmmuuuga
PULSE
TRIGGER
THIN INSULATOR
p (ALU’IINA) ANODE SOLENOID
K | 9. ugadlassaFranieluniineis
} i anfaluganne
o
AL
CATHODE s g

A L [l ] - [
11 3.2.1 nEadlassaatnsseasiiTiana g loaanlane MEVVA



91

| ARC w EXTRACTOR
| |
4 T,'?
ANODE
CATHODE

i{ —— [ON
i —_—
: _—
i —_—

I lee- SPARK GAP

EXTRACTOR SUPPRESOR

2 [+

A r 4 & a o o &
U7 3.2.2 ugaslaazunsumadyIdng g dmsueiasiiiialasau MEVVA

) gl ] 5 L= sd @ & A - a g
ﬁ’]%?ﬂﬂ?ﬂﬂ?ﬂ\lwﬂqiﬂuﬂxﬂiﬂLﬂﬂiﬂﬁiﬂdﬁ]%&lﬂmﬁﬂiﬂ'wﬂﬁu

1) mavglvonia

Type LC pulse line $AUIUTINUA 8 section
L/C ratio 45 uH22pF

Pulsewidth 60  us/section {total =500 us)
Current 700  Amax
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1) aesrwluninines adretuldowaasnuuaaiv
madwluvininadidems
Type high voltage capacitor discharge through spark gap
Charge voltage 5-30 kv

Current 25 KA
Pulsewidth 1 s
Impedance =25 O

Repetition rate 1 pps
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3.2.3 Development of metal vapour vacuum arc {(MEVVA) ion source in Thailand.*
S. Davydova, B. Yotsombatb, T. Vilaithongb, V. Anob, P. Pramukkulb, R.
Rungroenkula, S. Sansonsirib
®Institute for Science and Technology Research and Development, Chiang Mai
University, Chiang Mai 50200, Thailand.
bDepartmenr of Physics, Faculty of Science, Chiang Mai University, Chiang Mai
50200, Thailand.

*submitted to Surface and Coatings Techbology, 1999.
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Abstract

MEVVA ion source has been constructed and installed at Chiang Mai University.
The design and features of the source operation with copper cathode are described. The
cathode-insulator-trigger electrode system (the insulator was a thin wall pyrex tube) and the
cooling efficiency were found to be reliable during the source operation (without the
cathode-insulator replacement) with total number of pulses of about 3 x 10" and with the
repetition rate of up to 5.5 pps at 200 A arc current and 1 pps at 360 A current. The main arc
and plasma ion current-voltage characteristics have been measured for different materials
and configurations of the anode. Also, to increase the ion current density at long distances
from the cathode surface, an efficiency of employing a straight and 25° curved solenoids,
which are connected electrically to the anode in series, has been examined. It was observed
that the decreasing of the ion current along the distance of plasma propagation did not
depend on the geometrical parameters of the anode. The maximum plasma ion saturation
current obtained at 3 ¢m distance from the cathode was about 6 A and the coefficient of
transformation of the arc current to the ion current was found to approach 3%. By using the
straight solenoid the ion current density at 15 cm distance from the cathode was increased by
more than one order of magnitude to 0.8 A-cm”. The transport efficiency of the straight
solenoid was more than two times higher than that for the 25° curved solenoid and was
found to be effected by the magnitude of the arc current. Preliminary expenments with

copper film deposition on some dielectric substrates are discussed.

Keywords : Vacuurn arc; Metal plasma; lon deposition

1. Introduction
In recent years, different versions of metal vapour vacuum arc (MEVVA) ion
sources, based on the pioneering work of Brown et. Al. [1,2], have been developed in
many research centers and successfully utilized for direct ion implantation and pilasma

immersion ion implantation and deposition techniques (see, for example, [3-5]). For the
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second technique, the experimental setup usually includes the following main parts:
vacuum chamber, plasma source, covered magnetic duct as macroparticle filter, ton
current measurement system and a sample holder which can be bias with negative
voltage. When a high current vacuum arc discharge serves as the plasma source, a large
variety ot high charge states metal ion species can be produced. In this case, a range of
application of such technique for surface modification of materials were widely adopted
[6].

At Chiang Mai Uruversity in Thailand, where several years ago 150 kV low current
analyzed and high current non-analyzed gaseous ion implanters had been self-developed
[7,8], program of developing metal ion implantation and deposition technology has been
recently launched and the first prototype ot MEVV A 1on source has been constructed. [n
this paper, the structure and characteristics of the plasma source operation with copper
cathode are described including a preliminary results of thin film deposition experiments.
The examination of the ion source operation when it is connected to a three multihole

grids extraction system at voltage of up to 30 kV is now in progress.

2. Experimental equipment
2.1 Construction of the source

The basic structure of the plasma source including the curved magnetic duct, vacuum
chamber and the sample holder, which was used also as a probe for plasma current
measurements, 1s given in Fig 1(a). The discharge chamber housing(l) made from stainless
steel 15 connected to the vacuum chamber with the help of a 48 mm inner diameter epoxy
resin tube (2). Apart from the epoxy resin, other insulation materials such as pyrex and nylon
have been tested and no difference of the source performance was observed when a straight
or a curved magnetic ducts were inside of the insulation tube. The housing(l) has three
feedthroughs: for the cathode holder(3) which was made from brass, for triggering of arc
discharge (4) and for gas injection into the cathode-anode area(5). Teflon was used as high-

voltage insulation and sealing material for these feedthroughs. Housing(1) has a cylindrical
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shape inside (46 mm inner diameter) and could serve directly as the anode. Besides, by using
additional insertions, it is possible to change and examine different geometry and materials

of the anode. During the source operation, the pressure inside of the vacuum chamber was

kept at about 8 x 10‘6 torr.

To trig the main vacuum arc discharge we used the method applying a high-voltage
surface discharge across an insulator. The cathode (6) was made from 8 mm diameter pure
copper rod. This is surrounded by a thin {1 mm wall thickness) pyrex tube as insulator (7)
which in turn was surrounded by a ring shaped trigger electrode (8) made from stainless steel
(see Fig.1(b)). The special attention has been given to ensure a good contact between
surfaces of these three components. The cathode-insulator-trigger electrode configuration
and the combination of materials were found to be reliable enough during the source
operation with the total number of pulses not less than 3 x 10° and no misfiring was
observed. The stability of the arc discharge was effected only when the cathode surface,
especially in periphery area (closed to the pyrex tube walls), was significantly eroded. Also,
it should be noted that the cooling efficiency of the cathode and anode was high enough to
ensure the source operation with the repetition rate of 1 pps at 360 A arc discharge current

and up to 5.5 pps at 200 A current. The limitation was caused only by the capacity of arc

power supply.

2.2 Arc and trigger power supplies and the current-voltage measurement system

Fig. 1(b) shows the schematic diagram of the electrical circuits for the source
operation including arc discharge and the plasma saturation ion cuwrent-voltage
measurements technique. A straight solenoid was connected to the anode in series . It is
known that the magnitude of the arc current and pulse duration of the arc discharge depend
on the capacity of arc power supply. We used a simple pulse LC line with impedance of
approximately 2.8 Q which could be charged to a voltage of up to 800 V. The LC line

consisted of 8 sections of 22 pF capacitors and 45 pH inductive coils. With this arrangement,
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the maximum are current of up to 400 A and the length of pulse duration approximately 0.55
ms was obtained.

Two kinds of trigger supplies have been tested. The first one was a very high power
trigger based on low-inductive capacitor discharge through a narrow spark gap filled by
nitrogen at 2 atm pressure. It produced | ps pulse duration with 18 kV and more than 500 A
in amplitude. The second one was a relatively low power with approximately 10 A in
amplitude and about 2 ms width. It was made on the basis of high step-up ratio 1:80
transtormer (ignition car coil). Both trigger units ensured reliable triggering of vacuum arc
discharge, but the second trigger supply was simple to be handle and was preferable for our
experiments.

As can be seen in Fig. 1(b), arc current pulse is measured with the help of a 5 mQ
low-ohmic shunt resistor (R,) which consisted of 50 low-inductive resistors connected in

paraltel. The voitage drop across the cathode-anode during discharge was measured through

a 50:1 (Ry:R,) attenuator of 500 output impedance. For the measurement of the plasma ion

saturation current at different distances from the cathode, a moveable 2.5 c¢cm diameter

stainless steel flat probe was used. This probe could be biased negative or positive up to 35
V. Also, 1 0 shunt resistor (R,) has been used. Two channels storage oscilloscope was used

to collect pulse signals.

3. Experimental Results and Discussion

An example of the behavior of the arc cuwrrent, plasma ion saturation current and the
voltage drop across the cathode-anode during the arc discharge is shown in Fig. 2. The
straight solenoid with the length of 13 c¢m, and the inner diameter of 3 cm made from
conventional 2,5 mm diameter aluminium wire was connected to the anode and driven by the
arc current itself. It can be seen in Fig.2(a) that the duration of the arc current and ion current
are equal and pulse profiles are almost identical except that the ion current pulse is high-
frequency modulated. By comparing the behavior of the plasma ion current with and without

the solenoid at different magnitudes of the arc current, the tfollowing has been observed : 1.
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At the same magnitude of the arc current the level of high-frequency noise increases
significantly when the solenoid is used. 2. The signal to noise ratio gets lower (with or
without the solenoid) when the arc current is increased. The first feature may be attributed to
the additional plasma instabilities which are caused by magnetic field of the solenoid. The
nature of the second feature, which was noticed by many authors, was not fully understood.
The oscillogram in Fig. 2(b) shows that at the beginning of the arc discharge the voltage
across the cathode-anode gap sharply drops to a value of approximately 20 V and stays
nearly constant during the discharge. Also, it was found that the cathode-anode potential
during the arc discharge does not depend on the value of arc current over the range from 50
to 360 A. When the arc discharge was ignited at arc current of 50 A or less, the discharge
was not stable enough and misfires were observed. Reliable stability of the discharge is
achieved at arc currents higher than 80 A.

Usually, the plasma ion current measurements were carried out with bias voltage at
the probe at about -30 V. Also, the current-voltage characteristics of the plasma current as
kind of Langmuir curves have been measured. In Fig. 3, the values of the plasma current
collected by the probe at different distances from the solenoid exit are plotted as function of
the bias voltage. It can be seen that the ion current becomes almost saturated at negative
voltages of more than —15 V. When a high positive bias voltage is applied (the probe collects
mostly the electron flux) the polarity of the signal recorded by oscilloscope is altered. The
probe current is equal to zero at the voltages of 19 + I V which is very close to the value of
the cathode-anode potential during the discharge. Using the data in Fig. 3, it is possible to
assume that the mean energy of the ion stream coming out from the solenoid is

approximately 19 eV which corresponds to the mean velocity of copper ions of about 8 x 10°

-1
cm-s .

In Fig. 4, the value of plasma ion current is ploted as a function of the arc current for
the following three configurations: without solenoid(A), with a straight solenoid(m) and with

approximately 25° curved solenoid(#) (the curved solenoid was 5 cm longer than the straight
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one and made from copper wire). It is seen that the ion current is almost proportional to the
arc current.

In Fig. 5 the data are collected which have been obtained by measuring the plasma
ion current at different distances from the cathode surface with and without the straight
solenoid. This shows that the ion current sharply decreases along the distance from the
cathode (without the solenoid) and also from the solenoid exit. At 15 cm distance (without
the solenotid) the value of the ion current density did not exceed 0.05 A-cm’, At the same
distance when using the solcnoid, the 1on current density 1s increased by more than one order

of magnitude to 0.8 A.cm”, Using the data in Fig. 4 and 5, it is possible to estimate the

10401

coefficient of transformation of the arc cwrrent | to the plasma ion cwrent [ as £ =—=,

“ore

which shows the efficiency of the plasma source. Another important parameter is the plasma

transport efficiency of the solenoid K as a ratio of the I, | leaving the solenoid to the [,
entering it. For our plasma source, the maximum transformation coefficient measured at
about 3 c¢m distance from the cathode surface was found to approach 3 %. This value of € is
in a good agreement with the data [9] when the cathode-anode area is not surrounded by an
additional magnetic coil. The plasma transport efticiency of the solenoid was observed to be
depended on the magnitude of the arc current, for low currents (I__ < 2004), the value of K
is of about 20 % or less. When I, = 300 A the transport efficiency increases. Also, the
transportation efficiency of the straight solenoid is more than two times higher than the curve
solenoid.

The above mentioned results were obtained by using a cylindrical aluminium anode
with inner diameter of 3 cm. Also, other anode materials (copper and stainless steel) and
configurations (cylindrical and conical with different inner diameters and length) have been
tested. Some of these configurations including the value of ion current as a function of a
downstream distance from the cathode are given in Fig.6 (the configurations with longer
distances between the cathode surface and the anode edge are not shown). It is seen that the
magnitudes of the ion current along the distance of plasma plume propagation are not

effected by ditferent shapes of the anode. The only point observed was that for the stainless
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steel cylindrical anode with 4.6 cm diameter, a shot-to shot reproducibility and a triggering

reliability were slightly lower than for another anode configurations.

4. Application

The MEVVA source has been tentatively employed for plasma deposition of thin Cu
films onto various non-metal substrate materials, such as glass, plastics, polyester
transparency and ceramics, owing to the interests in applications on decoration, optical metal
films, conductive nano-films and etc.[10]. Specimens of glass, transparent films and ceramic
were prepared 1n a size of about 8 x 8 em’ for the deposition. Three doses; 3;6 and 10 x 10"
atoms/em’, were selected for the deposition. After the deposition, the specimen surfaces were
observed using an umage microscope, the chemical compositions were analyzed using the
XRF technique, and the electrical resistance were measured either directly or using the I-V
method.

It was found that the thin film surface morphology depends on the substrate, for
example, that on glass in apparently smoother than those on other substrate materials. The
impurities, mainly including some metals that supposedly come from the inner parts of the
ion source when plasma forms, in the film are basically less than 10% and decreasing with
the film thickness increasing.

The measured sheet resistances of the films on glass and soft plastics are shown 1n
Fig. 7. It is seen that the resistance almost logarithmically decreases with the deposition dose
increasing, i.e. with the film thickness increasing (the corresponding thicknesses for the three
doses are estimated to be about 30, 60 and 100 nm, respectively). This indicates that the
microstructure of the film is significantly improved as the dose increases from a higher
porosity to a higher density. The density dependence of the resistivity is manifested by the
fact that the measured resistance data do not follow reciprocal relationships with the dose or
the film thickness, as shown in Fig. 7, while a constant resistivity should do. Instead, the
measured data show steeper slope than the reciprocal relationship, implying that when the

film increases its thickness and resistivity decreases rather than keeps constant. From the
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resistance data, which show lower values for the glass-based film than the plastics-based
film, it also proves that the quality of the film on glass is better than that on plastics, and the
thinner the film, the more the difference. Although the thicker film gains the lower
resistance, the thinner film maintains much better transmittance, while the former exhibits a
good reflectivity. This is only a testing work on using pure metal for forming transparent and
conducting films, which cannot be competitive with some recently developed special

compound films for the purpose [11], yet it provides hints to the work in this direction.

5. Conclusions

Metal vapour vacuum arc discharge plasma ion source has been developed and tested
with copper cathode at Chiang Mai University tn Thailand. The cathode-insulator-trigger
electrode system and cooling efficiency were found to be reliable during the source operation
with total member of pulses of about 3 x 10° (without the cathode-insulator replacement) and
with the repetition rate of up to 5.5 pps at 200A arc current. The main arc and plasma 10on
current-voltage characteristics have been measured and the efficiency of employing a straight
and 25° curved solenoids has been examined. The maximum plasma ion saturation current
obtained at 3 ¢m distance from the cathode surface was about 6 A and the ion current density
at 15 cm distance from the cathode approached 0.8 A-cm” when a straight solenoid was
used. The coefficient of transformation of the arc current to the ion current was close to 3%.
The transport efficiency of the straight and the curved solenoids, which were electrically
connected to the anode in series, was found to be increased at higher arc currents. Resistivity

of copper tilms deposited on some dielectric substrates at different does have been examined.
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Figure Captions

Fig. 1 Schematics of the experimental facility (a) and the electrical circuitry (b).

Fig. 2 (a) Typical pulses of arc current (upper trace) and plasma ion current (lower trace).
Sweep speed 1s 100 us/div; (b) the behavior of the cathode-anode voltage. The lower straight
line 1s zero level and the upper straight line is the charge voltage of the LC circuit. Sweep
speed is 100 ps/div.

Fig. 3 Collected probe plasma current as a function of bias voltage at the distances of 10, 40
and 70 mm from the exit of the straight solenoid. Arc current is 200 A.

Fig. 4 [on current versus arc current without solenoid, with straight solenoid and with 25°
curved solenoid.

Fig. 5 The values of ion current at different distances from the cathode surface with (blank)
and without {solid) the straight solenoid.

Fig. 6 lon current as a function of a downstream distance from the cathode (without
solenoid) for cylindrical aluminium (A) and stainless steel () anode and conical copper
anode () at 200 A arc current.

Fig. 7 The Cu-dose dependence of the sheet resistance of the deposited films. The curves are
the best fitted reciprocal functions (the dash line for the data on plastics, and the dot line for
the data on glass). The figure on the top-right uses the common logarithm scale for the sheet

resistance.



(eyrbua

(0)

(#)HONOHHLIAIIS ¥IF90NML

(£)¥3070H
(9)3A0HLYD J00HLYD

1! ===
[l =< .._.,.,_.“.,n..u_.._“_n.‘_..H..:.m 1

{1)DNISNOH
YAGAVYHD FO8VHOSIC

_ (G)NOILDAPNI SV "XNV

(2)3aNnL AXOd3



{(Q)1"b11

Alddns (9)
AV~ -
+ 0G:1 v g
(I9VLI0A IAONY) 3S1Nd & i by
3402SOTIISO 0Oi MI09INL AH

U | £y

2y
A :
(IN3¥3ND NOI) | _\ﬁ\m_\h\& r g\ \: \\\\_ __\w L (IN3¥¥ND DYv)
3d0OSOTIOSO OL g # | : %"@\_\“f , \ V\ _ M _ 3dO0SOTIISO Ol
um}owa. WRAAA AR
ANAHEND N | 4 2 Zhta 1 (L)HOLVINSNI X3YAd

(8)ONIY ¥399141 1S



(e)zb11

()
Wwo/sSn 00} @seq swi|

Wopy | 249

i,

Woy. 002 = LU0




(Q)z-bra

= ] % Q)

Wo/SMI0T 2seg StlL

LIR/A 00 |




€ (A)a8eyj0A serg

op

(V) wud.Lan)) aqoad



0&v

00y

v Bra (V) JUd.LIND) Ay

05e 00¢ 05¢ 00c¢ 0Gl1 00l 0S

PIOUDJOS PIAIND 32130P ST y
proudjos Jysrens g

pIoOu3jos INoYIMm

(V) juaaan)) uoj



0S¢

S-Br (W) IdBJANG dPoYIB)) WOIJ DUEB)SI(] WBIIISUMO(
002 05t 00l 0S

\qf,l!/ﬂ/o

IIBY (9¢

HEBY (€

ey (07

¢ & 4 4 C e O N

JIBY 001

Auanyyy uonelrodsue.a ], U0 ISBIIIUT JIN( IJDUSBIA 1S12.1)§

(V) 3umaun)) uoy



00l

9611
06

(W) 80BUNG 8poyle) WO} 80URISI(] WEaJISUMO(]
08 0L 09 05 ob o€ 0z

al

W gy I Z 1BOUPUNAD —m—

[BoIU0D) g

LW O

N L [ESLPUIAD —e—

1}

o

k4

2Je ¥ 00¢ e adeys apouy juaayid YlIm JUaLng Uuo| BwSE|d

(V) 1ualind uoj



A

Gl

LBa (wWy/swoje  r) 9Isoq
[4 LI

8

9

Gl

( wy/swmoze  y)asoqq
T Ll

018

G

L0

ol

00l

U

(3.umbspuyQ  O1) “¥'S

L

SSELD)

Aduaredsueay

oL

gl

0c¢

12

0g

(31enbs/muyQ (1) 20uUBISISAY 1YS



117

3.3 msﬂ%’uﬂgeauﬁatﬁ’aﬁqmafam{ﬂH‘lfﬂaaauﬁu

3.3.1 nszmum‘a‘maﬂﬁnﬁtﬂa"laaamiaL?ff'lzfmih‘[aﬁz (lon-solid interaction)

dlelasan indawdrmuinlan: uazunsndudrldlwillelane azfardsingnivaing
MENTWARRTLLLIL é’auamluq@ﬂﬁ 3.3.1 Adufalave mituiuszninoleasnuasazasuvad
lane Y‘h‘[ﬂ“ﬁLﬁnmaumaﬁm‘mamauLﬂwmg@uaanu’mnﬁa L‘%un'hﬁl,ﬁnmaunaﬂnuﬁ i
nsrﬁﬁﬁmwuﬁ’mmuﬁwcju snindlesanuazereanzvanih leessumunsnasiounavle
(back-scattered) lauvialiilaloaaudnufiiiniuesaesnanih  Sidnaveuvasazaan
tezan excite uar deexcite svgEmuzUnd wianduddesusewiafafiandeonyy lu
seniwilasanunindndnlulwthlans asdorwdiny linuudy uaztivzaldivazaaw
ot FIWAINBIINMITR ANNAInaIuingaTaImIaeienttezasuusai xaay
é’anmngmmuﬁ Lﬁaamna:mauﬁgmmuﬁ Falinaanunadntoa S0 TUURZUN T
amauﬁului’aqt,ﬂﬂﬁ Foin MITwLazmMIuuissfatuatnsdaiiiasiulave vumnes
&GN “cascade of atomic displacement” Gavnliifia vacancies, interstitial, Frenkel
pair 489 URuATLAad Wi (defect) vanue Msalndfivenih mnndnuiazaauyes
W leSuanmIru annedwasnulamileasninsasaan (binding energy) araaudl
vinnizngesenainidh Gundr gnallawweiosnin pimMIruiusznieloaauus:
praauvail finsdniiudely wiveureslesanezaastatndaiiio w'luﬁr;gm'l.aaaua:ﬁ
wiseudrawlysnTounudiazasudhle Lm:ﬁ]mqﬂﬁﬂuﬁq@ sEUETERIRTw TR UMY
il lane ﬁmﬁammﬁnﬁ'l,aaawqﬂﬁamulu 3uni T2 “project range” TiwAziBualuwn
%8 3.3.1 mmmg”l.é’mnﬁﬁfaﬁamm Chu WRzAME [1], Ziegler Uazaniz [2], Andersen L@

Aty [3], Ziegler uazaue [4], Wae Liangdeng [5]

1. W-K. Chu, J. W, Mayer and M-A. Nicolet, Backscattering Spectrometry (Academic Press,
N. Y., 1978).

N

. J. F. Ziegler, Helium Stopping Powers and Ranges in All Elements (Pergamon Press,
N. Y., 1977).

3. H. H. Andersen and J. F. Ziegler, Hydrogen Stopping Powers and Ranges in All Elements

(Pergamon Press, N. Y., 1980).

I

. J. F. Ziegler, Handbook of Stopping Cross- Sections for Energetic lons in All Elements
(Pergamon Press, N. Y., 1980).
. Yu Liangdeng, Diffusion of lons Implanted in Solids, Ph.D. Series 1992-02, ISSN (0906-

(9]

0286, University of Copenhagen.



118

3.3.1.1 Stopping cross section

Fasnnmizuiusswinglasewivesaavvasiaaih  inlilaseugmiondsnuon
wq@ﬁaﬁuﬁ wé’aamﬁgﬂyLﬁm:m']amnﬂﬁauﬁ'mm'laaaui{ (8N stopping cross section
Hom'ldan

1 dE

=N &

A ' a o - ) o ' & ' .
lay £ da Awasnuvedlesaufitefonsl m dhunids x la 9, N §a @1 number density 289
a - " a P at A o & < = ar
Taquil uaz —dE fa dwRsnungyEsluninafauiiluszos dx azuu S Bminoiawdinu
A - - P e ; A A a [
voslesaunigaifslumnadoufilurzozmanilimihodagnasrimllids 1 azaauvasisaih
i o a o e o -~ . =
s Inulsriievasnianuigydovedlaesenld 2 uuy Ao nuclear stopping 1w
[ P o s e \ o o o a a
wasnuigyifoldiuduasiiowivlessuivazaanadisgih  Fufadlawdinuvas
laeaufidndn uaz electronic stopping iHundsnunigyasluiuauasiioszninlesauiu

=5

2iRARIaLY E]x?’lﬁ?l 1ih mmmua‘laaauuwaaamgd

Primary ion
{cnergy, mass, S d
charge state ccondary
& ) | *“:)5(.“’ electrons
) incidence Sp:féf::d ? Scattered
| ion
l y Phot
otons
I Enom> ESBE

urfa
%§//r£/c;7 Lattice atom
(energy-, momentums-,
charge transfer )

Creation of :

s vacancies
Casade « interstitials

©of +«Frenkel pairs -
atomic e e )
displacements g
Extended S

defects 'E,

3
Ecan>Egu =y
--------- bl
Eco <Eg, Phonons Implated ion ~

<l . . . - o
311 3.3.1 nMuER9 ion-solid interaction Liiplaaauunineandt il lans

(i) Nuclear stopping

P2y a o A . | v oa A .
L&Jawﬂd\‘l’m“uadvl,aaawﬂ@lﬂﬂ‘i:ﬂuuﬂ’lm’m’n 20 keV ﬁ]:ﬁ’ll%tﬂ@ﬂ'\?ﬁuuﬂﬁﬂ@%r{%

. . & ' o =t w 2 o
{elastic collision) Futznininile Gl’JEJLL‘NLL‘IJUﬁ}ﬂﬂ&Jﬁ (Couiomb force) ﬂagﬂﬂ 3.3.2



119

Torget olom Projeclile

Mo M,

EITL*{S@: ______ O

o

Eﬂﬁ 3.3.2 MWLEAINTITTUALULL elastic collision itﬁ'j'ldeﬂaEluLLﬁtaa’,@alJ"ﬂE)G’ilﬁ’@lLﬂ’I

o | = P T P 2 = A e e u 1/2
T@uwaamuﬂgryLﬁu'lﬂuumu,ﬂuaﬂmunummnwaa‘laaau wialduaadiuny £
. . . e 4 | o e d
INNIANEN two-body interaction potential mzﬂ‘n 3.33 LaFaIarABNa W NNUNITHS r>>
a as & o . o = g e
Rm suaTnTuTte i duiuy coulomb attraction e r < Rm NENIITAWYILNWYDY electron

& v a o as ] EE .
cloud TasazRaNNIFed Y lWiAamInannusznindazaey Sailu coulomb repulsive

Viry

(SR —

E‘Liﬁ 3.3.3 NTWLES interaction potential ¥R INIRBIDZADY

e X o 4 a4 . v . o o .
AU WAIUAFYIEIREIN nuclear stopping 96iBadnilafladuaIiTuTIRINg

A o [ v ed o Y [ ]
Fadzaod %Jﬂﬂﬂ’ﬁ%ﬂ]ad“ﬂdd'\%ﬁﬂﬂu Li’\ﬂﬂll"]iﬂ%ﬁn'fm’]i@ﬂﬂqUE‘LILL‘U'U VL@U.ﬂ

{n) Hard-sphere potential
Viry=«a ; re<2r,
0 ; 2,

. - | J - -3 o Jﬂl 1 1 =
lay ry 1Wusaiazaay fnam?wmsmﬂanmlugmmummﬁmmq@

(1) Bond-Major potential
V(r)= Ade™® LA =52(Z,2,) eV uaz B = 0.219 °A

o o 2 s o A ] ] A
FIMIANTMIG LY num:‘l’nm ITHZUWNICHINIZERDNUNIUN



120

{f) Bohr potential
ZZe® =

Vir)= re

2/, 213 -142
1

ya=ay(Z 3*’22 )

law a fia fn screening radius W38 screening length Wz a, fin Bohr radius WriTw
J’ o L A [
Tugtuuyis dnldifiaidu high energy

(4) Thomas-Fermi potential
ey
V(r)= _Zig{ij
v a

P ¥ 5| ' . 4 A ' ., A a
laaf ¢[—] 1ilua1 screening function Waz a Aa AN screening length TvilaAn
a

a =0.8853a,(Z,°+z,”°)"*

()} Lindhard’s standard potential
{
Z L. 1

Firyn = 1= T
2
v
g

Warguiilu special form l#a1n Thomas-Fermi potential

(ii) Electronic stopping

r-1 = F-v-% 1 ar A & =
Lﬂ@]"mﬂB%@]iﬂiﬂ’TRV]TNVLﬂﬂE]‘LmiJEJZ@]EJM'UEN’)EWIQL‘;]’] oy dwuuy non-elastic

.. a = A a4 ol a A +
collision @NE‘]J'Y! 3.34 smﬁ):m@mumawadsmumgamw 10-20 keV

7 \incident lon

| o aa '
gﬂ‘n 3.3.4 NMHUFAY aum‘sﬂims:m’\ﬂaaauua:a:ﬂam auth



121

= Acxﬂ = @ L .
P“INWINTTUIIELUNHBLaNATaURIHE I@Ul"ﬂ potential model INNFUNTT Poisson
lawls n(r) \udn electron density distribution waz V(r) 1iudn potential distribution
A o . =t
AV (r) = —4rn(—e)n(r) —4nZeS(r) 43 Ze \WUueM nuclear charge L"IJEJ%I%EULLUU

g 4r
amﬂsmﬂmw

LSRRV

N4GEHE ;—;@[V&) —(g]§ ~ 47ed(r)

lanen éﬁa #1 constant distribution of potential f boundary r=ry

A4 [ 2 a o A
HanInnu vL@]&lﬂ']iL'ﬂuE} electron-gas model IQUW%WSN’]IV\aLﬂﬂ@Ta%Lﬂﬂa%ﬂﬂUjd
a o m P ' oA w o v a (% = e A o
T LnauﬂizgumLﬂaaumuﬂguamﬂ@l‘iau Y]'II%UTL'JRL'LHG £ ﬂUﬂﬁ:?U?ﬂNquLﬂ@ﬁuqﬁJ

& . e ar 2 P P & P
Wi Eo Au Tufieysassnudnunumsiaiouiveddsss waniia E., 7w tHa931nns

-

o o a = @ @ o o A
Lﬂﬂa%ﬂ"ﬁ’]ﬁﬂ'ﬂaﬂﬂsz%ql]’]ﬂ‘luﬂﬁﬂqﬂﬂi\?ﬂumquﬂUﬂqiLﬂaauﬂ @\331] 3.35

i
I

-e-¢-¢ —_—

(-G)Epol Eing

= = = - 2
31N 3.3.5 mwLLamm‘nﬂaaumaaaq’mﬂuﬂs:qmvlﬂlu electron gas

{iii) Total stopping cross section (S)
S w1 leaNnNNaTINY 84S nuclear stopping (S,) nU electronic stopping (S.) AIFNNTI
S=5,+ 5,
' R . .:Y & [ =] o =2 o
I@Um stopping cross section 4 muagﬂwnumaavlaaauua:m@pﬂw TIUDINRIIT

yadlaaaudiy imawslTouinudn stopping ﬁ'maa"l,ﬁmnmw@gﬂﬁ 3.3.6

ELECTRONIC

dé/dx

NUCLEAR

P

ION VELOCITY (V)

A:J = . . N n ‘5
Eﬂ‘n 3.3.6 nTWuEeIMIWIBUIRDUTERING nuclear stopping Way electronic stopping 49

&, - 172
duraisuaas E



122

P P23 = a J’ o a . P
maamnm‘sqwﬂ,Laﬂwmmmaﬂaaaummnugum:m (scattering angle) ﬂmgﬂ‘n
3.3.3 9G8R TOINN scattering cross section %38 differential cross section J¥®I190zABY

k4 ) = B @ A o &
M8 T9lundivad coulomb replusive 1 W30 LT Rutherford’s formula an@a 644

2
cosf = 1—[%sinﬁj
do _(2,2,¢ i,
dQ 2F

¢

M e
sin® @ 1—(—‘sin 9]
M

i

& . . = o P
Tag Z, Uaz Z, @8 A1 atomic number °nadvl,aaB'Lm@1nn‘s:‘nuua:a:cﬂamanﬁ@ti’hmum@u.

E ﬁﬂ d'lwé'as'mmaavlaaauﬁaumim:ﬁa, a ﬁa g&lﬂ?iﬂiﬂ%ﬁ@ﬂugﬂﬁ 3w I ﬁﬁ in
7 2

. ¥ 1
dimensional constant Iﬂu'lmzuu Slasle I
4re, )

o @ = R pry 3 = .
il Q 1w solid angle 2aslaaufiannizny tamINTIRIANARLVLY scattering

cross section 163N

o*=i d—aa’Q
Q- dQ

' . g @ = a = '
WAZ3INA scattering cross section AANINMINAINUAgIRpTetlosaniannIznuldan
~dE = [N(dodx)T
& ' . 1 as | ' ' o as
law N fia #1 number density of target uaz T flo diwdssudsgnariuanlosswliodsg

e & Lo § i TV
ihluseozms dx a9t 15131168 stopping cross section @9
-1{ dE
S =—|—|=[Tdo
N \dx
Y a L v A
NNMIANTIN electron-gas model mMuldauwnlwih £ aldiusmaslenaufiannszny

ao 1 a A ar A =i EJ G; 2 a - & m
e z,e£,, Sawdsnuiguislunaedeuninldlwizadh sansadiowldidu

% i, %
Vv

= o & s . . ar
lag v illuenuFivaslassuiionnszny uaz E,, Tunuant@inis dielectic 2aviaguih

3.3.1.2 Projected range
@ o & o ) 3 5 . . . a o
Iﬂua’lﬂUﬂanﬂ’l‘iwug’mlunad stopping cross section U84 ion-solid interaction @47
LY o a . - a o P

Idndnudy dwaan projected range 1adlasaufiuiaqihld lavazSuanms
o &< =l - A e a P
A sonmszazaenuai lassumusniedewidh lldluizodh  (zoe R) augud

3.3.7 ledanauniy
£y

| &8

~ N S(E)

i At 1 f-" i G
lag £, fin dndanuuaslasauneufazanniznussgizqiil



123

fon

. o p= Distance

Surface —

e A A [ .
JUN 3.3.7 mwurasiznsil lesaumuniniafswd1 il (R) uas projected range (Rp)

: a d = a a
LLﬂlu‘ll‘l_I’]%ﬂ’l?‘l’r]E]E]'HE]J.IWG’WMLWD’% 5:&1:1’11’5’]&1&1'1]’%5\3 § fa i:u:mmﬁﬂ“ﬂaﬂaaau

o A

ﬁgnﬁamlu‘i’a@lmﬁ fﬂawnﬁwﬁ'\maai’a@ﬂwﬁ&mLm'liaﬁ"laaauﬂq@ayjﬁ’u Wufa projected
range (3508 R) Famusndwamnldan

R, =Rcos¢
lay ¢ Lﬂuﬂ'uaﬁmja\ugm:ijaﬁﬂmaﬁ‘laaaumnmmu@?&mnﬁuﬁmﬁwaﬁaqmw Fudla
WISATIEMMARUTDY R Uas R, gmsvlossundsiud azle

R M,

— =]

R 3M,

P

laofi M, uaz M, 1 Hlunrsazasvvadlosawusziagiitawdisy
o ar . ) o a o ] e @ o
fmivlesoundaziamaiauiluwiaqi esfizednldvidunnas  manznsas

Y o = . . - - b P
vosfauradlosaulavunizddnsuniuuuy gaussian distribution dsuaasluzui 3.3.8

° o

CONCENTRATION (at%)

0 40 80 120 160 200
DEPTH {nm}
e + s @ ' [
3‘1]“(1 3.3.8 AMWLLR®Y concentration profiles 1849 Pb Aol Al crystals @HATWHEIIU 150
keV, dose = 2)(1016 Pb‘/cm2 lop * unu <110=>single crystal ; o Wnu <111> single crystal; x
< i dn s
unw polycrystal waz RT (udrfldannisduaslasldlysunsy TRIM



124

3.3.1.3 Surface Sputtering
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Applied High-Current N-Ton-Beam Surface Engineering of
Metals and Industrial Tools at Chiang Mai University*

S. Davedov. L.D. Yu. M.W. Rhodes. 5. Intarasiri. ¢'. Thongleurm. V. A-no
Institute for Science and Technology Research and Development,
P.O.Box 111. Chiang Mai University. Chiang Mai 50200. Thailand:
T. Vilaithong and B. Yotsombat.
Department of Physics. Faculty of Science.

Chiang Mar University, Chiang Mai 50200. Thailand

Abstract

For industrial applications on surface engineering. plasma and ion beam technology has been
steadily developed at Chiang Mal University. where the ion beam technologyv center of Thai-
land has been established. A 130-kV. high-current. non-analvzed ion implanter based on
a modified duoplasmatron ion source and a complete computerized contral has heen de-
veloped for industrially applicable ion implantation. High-current (~ mA} and high-dose
{~ 10'8 - 10'"N /cm?) N-ion implantation at either low energies or medium energies in steels.
including tooling, structural and machinery steels, and alloys. as well as other ion beam tech-
niques such as single-ion-beam assisted deposition. has been explored using the facility for
modification of tribological properties. The ion implanter has also been engaged in industrial
service to local customers in implanting various practical objects. The ton implantation for
both academic and applied purposes has proved to be successful in improving hardness and

wear resistance as well as prolonging lifetime of the ion-beam-processed tools.

*Submitted to Surface and Coatings Technology, 1399,
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1 Introduction

Ion implantation technology has been effectively developed in Thailand [1,2,3,4,5]. Besides
a 150-kV, two-beam-line research-purpose ion implantation facility, a 150-kV, non-analyzed
ion implanter has recently been constructed and upgraded at Chiang Mai University. The ion
implanter, based on a modified duoplasmatron ion source, is suitable for'high-beam-current
ion implantation which has become popular worldwide in ion-beam technique applications
on practical surface engineering for materials modification. Completion of the ion implanter
has made relevant research work and service to local industries virtually possible. The work
reported here focuses upon tribological property modification of industrial steels and alloys
by high-beam-current N-ion implantation and a new development in ion beam techniques,

namely, a single-ion-bean assisted deposition.

2 The High-current, Non-analyzed Ion Implanter

The ion implanter, as shown in Figure 1, consists of a modified RDI Dynamag duoplasmatron
ion source, a 150-kV accelerating tube, a quadrupole doublet magnetic focusing lens, and two
vacuum chambers. The ion source with exiraction and focussing electrodes placed inside the
first high voltage terminal is able to provide N-ion beam currents up to 3 mA. A 400-Hz,
1.5-kW generator for the source power supply mounted on the second terminal is coupled by
an insulated shaft to an electric motor. The source operations, such as gas feed, filament, arc
and solenoid current supplies, and extraction and lens potential adjustment, are performed by
computer-controlled step-motor-driven insulated rods. An external oil-filled pumping system
cools the ion source. The accelerating tube is a 20-dynode constant gradient type. To suppress
backstreaming electron overloading, a permanent magnet is placed closely to the end of the
tube and a —2.5-kV potential is applied at the final divider electrode. In the target chambers
there are three types of water-cooled movable and rotatable target holders, the biggest one
being a 110-cm-diameter disk, for different implantation purposes. The moving modes of the
holders are realized by computer programming. The ion beam is diagnosed by two water-
cooled and movable Faraday cups and a movable pinhole-plate beam profile monitor with
computer controlling and recording. Viewports attached to the main chambers allow optical

inspection by either eyes or video cameras of ion implantation processes on target samples.
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As the implanter is non-analyzed, the ion beam includes both atomic and molecular
nitrogen ions, estimated with ~ 50% N* and ~ 50% NJ. Due to a biatomically molecular
nitrogen ion dissociating into two atomic nitrogen ions when it hits a target surface, the ion
implanter could provide two simultaneous energies for implantation, expectantly leading to a
broad ion depth profile beneath the top surface of the target and thus a more effective surface

modification [6].

3 Researches

3.1 Experiments
3.1.1 Low-energy high-current N-ion implantation of steels

Steels processed by the ion implanter in research experiments are listed in Table la. Some
SKD11 tool steel samples were heat-treated (Table 1b) to be in martensite with extra-high
C-content in near surface regions for those oil-quenched samples or extra-high O-content for
the air-quenched ones [7]. N-ion implantations carried out by the implanter are summarized
in Table 2. The initial energy of the mixed N-ion beam was 20 keV with the beam current

in a range between 1.5-2 mA and the ion dose in the order of 10!7 to 10%N-ions/cm?.

3.1.2 Medium-energy multiple N-ion implantation

Besides the mono-energy ion implantation, multiple energy ion implantation in three implan-
tation modes was operated: (i) 50 keV continuously, (ii) 50 — 120 —~ 140 keV in sequence and
(iii) 140 — 120 — 50 keV in sequence, as shown in Table 2. This multiple implantation was
expected to bring about a deep and broad N-ion distribution profile in the target surface
region because of a variety of ion energies (25, 50, 60, 70, 120 and 140 keV) present simulta-
neously in the implantation. In order to prevent the hardened steel from being significantly
heated, the ion beam was pulsed and the samples were water-cooled. When investigating
the beam tempering effect on the samples, some implantation was operated by varying the
frequency of the pulsed modes and without water-cooling. By computer programming, the

pulsed implantations were automatically carried out.
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3.1.3 N-ion beam nitriding Ti-Al alloy

Samples of [[IPed (Hot Isostatic Pressed) Ti-47Al-2Nb-2Cr intermetallic alloy named MJ12
(Howmet, MI, USA), which is considered to be a prospective material for many applications
especially on transportation tool industries, were implanted with 140-keV N-ions to doses of
4 x 10'7 and 4 x 10N /cm?®. For the nitriding purpose, neither cooling ror beam pulsing

were used.

3.1.4 Single-ion-beam assisted deposition

A new technique of single ion beam assisted deposition (SIBAD) has been developed by
taking advange of the high current nature of the ion implanter. Compared with the con-
ventional ion beam assisted sputtering-deposition, which relies on two separated ion beams
for sputtering deposition and implantation, the SIBAD only utilizes a single ion beam for
both sputtering depostion and implantation, as schematically shown in Figure 2. In this
experiment, an aluminium sheet (a sputtering target) and a steel sample (a substrate) were
mounted intersectingly with the Al-sheet on top of the steel-sample at some angles with the
beam line so that the Al target could obtain a higher sputtering yield and the sputtered
particles could be sufficiently deposited onto the substrate. Single high-current N-ion beams
were employed with varied ion energy (40 to 120 keV) and dose {1017 to 10'®N-ions/cm?) to
find optimal operation conditions which could produce the best results. Different types of

steels such as tool steel SKD11 and non-stainless-steel SCM415 were used for the substrates.

3.1.5 Testing of mechanical properties

Surface microhardness and tribology of the ion beam processed samples were tested using a
digital microhardness tester and a pin-on-disk tribometer. In the SIBAD-experiment some
samples were tested straight after the SIBAD-treatment and some were immersed in strong

HNO; (70%) for 30 hours before underwent tribological test.
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3.2 Results and discussions
3.2.1 On ion implantation of steels

The measured hardness and wear rate changes of implanted samples are shown in Table 2
and Table 3. It can be seen that the ion implantation can positively increase hardness of
the steels, regardless of ion energy, dose and current. The increase in hardness, however,
is not consistently linearly proportional to the dose, in accordance with an established fact
that there generally exists an optimum dose which leads to the most pronounced hardness
increase for a certain steel ion-implanted with a certain energy [8]. The ion implantation can
also enhance wear resistance of the steels as shown by the result that wear rates decrease by
a factor of about two, but the reduction in wear rate depends on ion implantation processes.
As seen in Table 3, the multiple energy ion implantation generally benefits more in wear
reduction than the single energy implantation. The results from varying the frequency of
the beam pulse modes show the ion-beam heating effect on the steels’ mechanical properties.
The shorter-time-exposure of the target to the ion beam benefits the wear reduction and
hardness improvement more than the longer-time-exposure. Proper beam heating plays a
significant role in the steel-surface tempering that leads to the least wear loss. A comparison
between the oil-quenched and the air-quenched samples shows no noticeable differences in
the ion implantation effect on the surface modification of mechanical properties. The latter
originally performs worse because of surface oxidation.

For N-ion implantation of steels, the major mechanisms responsible for tribology mod-
ification reside in implanted-ions decorating dislocation lines and forming hard compounds
(9,10]. X-ray diffraction (XRD) patterns of the ion-implanted SKD11 tool steel shown in
Figure 3 confirm that the multipl-energy ion implantation generally produces more remark-
able metal nitride, such as Fe-N and Cr-N, than the mono-energy one does. The fact that
multiple-energy implantation gains more improvement in the steel’s mechanical properties
than single-energy implantation indicates that the nitride formed in the former case has
a stronger effect on the surface modification than the ion-beam-irradiation-induced surface
compressive stress which is the main source of strain hardening for the latter one [11]. Surface
morphological analysis shows that high current ion implantation generally sputter the target

surface severely. The surface degradation depends on the ion energy, the higher the energy
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the greater the degradation, as shown in Figure 4.

3.2.2 On N-ion beam nitriding of Ti-Al alloy

As shown in Table 4, microhardness and tribology of the N-ion implanted alloy are obviously
improved in comparison with those unimplanted ones. XRD analysis reveals formation of
some nitride and oxide such as TizAIN, NbzAl;N, TiO and TizOg after jon implantation, as
shown in Figure 5, indicating the alloy surface has been nitrided and thus the mechanical

properties have been modified.

3.2.3 On single-ion-beam assisted deposition

The surface microhardness and tribology of the samples after the SIBAD-treatment do not
change compared with those of the untreated surface. After treated in the corrosive solution
of strong acid HNOQg, it was found that wear loss of the SIBAD-treated surface of the non-
stainless-steel (SCM415) sample decreased and remained the same for the stainless-type steel
(SKDLL). For the samples-implanted with N ions only we observed more wear loss than the
sample without implantation. These results are shown in Figure 2. The corrosion-resistant
Al-nitride formed on the steel surface by the above mentioned process is thought to play
the role in protecting the ion-beam-irradiated steel surface from being severely corroded.

Otherwise, the degraded steel surface would be vulnerable to acid attack.

4 Service

As a follow up on our practical application similar to those carried out elsewhere [12], practical
obje.cts including tools and machinery parts (Table 5 and Figure 6) from local industrial cus-
tomers and research institutions have been N-ion-implanted by the implanter for improving
tribological properties. In order to perform ion implantation of practical objects effectively
and efficiently, various special target holders were designed and fabricated for different ob-
jects. They are water-cooled, 2-D rotatable and capable of holding multiple samples for
simultaneous implantation (Figure 7). For example, 20 taps can be ion-implanted at all sides
parallelly within a few ten minutes to reach the required dose. Computer softwares were

programmed for different specific automatic operation controls, including controlling compli-
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cated movement modes of the target holder. The ion-implanted objects were then returned
1o our collaboraters. Lest performed under industrial conditions by the users confirms the

extended lifetime of the implanted tools by at least a factor of two.

5 Conclusion

A computer-controlled 150-kV, high-current. non-analyzed ion implanter. based on a modified
duoplasmatron ton source has been constructed at Chiang Mai University for applied ton
implantation. High-current and high-dose N-ion implantation of steels using conventional as
weil as single-ion-beam assisted deposition techniques has been investigated and developed for
modification of tribological properties. The ion implanter has also been engaged in industrial
service for local customers by imp]antir-lg various practical objects. The ion impiantation for
both research and application purposes has proved to be successful in improving hardness

and wear resistance as well as prolonging lifetime of rhie ion-beam-processed tools.
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