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ABSTRACT

The surface ccomposition and low ensrgy sputter yield
of deuterium beombarded CVD TiB, films have been measured.
The sputter yield increases with energy up to 1 keV where it
reaches a maximum of 0.024 atoms/ion. Above 1 keV the yield
decrecases due to ion penetration effects. Surface composition
measurements using Auger, x-ray photoelectron and secondary ion
mass spectroscopies show that a surface layer about 200 i thick
is depleted in B during 2 keV deuterium bombardment. This effect
is attributed to preferential sputtaring. Oxides and deuterides
of titanium are also observed on the deuterium bomparded TiB2

sur face.
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INTRODUCTION

The use of coatings to tajlor the properties of the surface
of interior components of a | okamak permits the bulk and surface
material property requirements to be decoupled. Thus a coating
material ran be selected which has a high erosion resistance and
low effective atomic number while retaining a
substrate material with structural strength. One such coating which
is undergoing development at Sandia Laboratories is TiBz de; ~°ted
on graphite Or Cu using chemical vapcr deposition (CVD). We *
studying the physical erosion and surface composition of these C'D
Tin “31ms which have been bombarded with 500 eV to 10 keV deuterium
ions. his paper reports the results of these mrasurements and
compares them with the model developed by Bay et al. (1).

EXPERIMENTAL

The sputter yield measurements were made using a weight loss
technique. The incident deuterium ion heams were provided with the
low energy ion beam system shown schematically in Figure 1. It
consists of a duoplasmatron ion source, a 30° magnetic mass analyzer,
and an ultrahigh vacuum analysis chamber. The ions formed in the
source are extracted at 10 keV, ‘ocused by an Einzel lens, mass
analyzed, decelerated to the desired energy, and the refocused
onto the target. Differential pumping is provided at both Einzel
lenses in order to reduce charge excharye and to help maintain high
vacuum conditions in the analysis chamber. The sample holder is
mounted on an X-Y-2 plus rotation manipulator for sample alignment.
A 0.64 cm mechanical aperture is used to define the irradiated
area. The pressure in the analysis chamber during bombardment is

approximately 10_5 Pa,



The analysis chamber is equipped with a secondary ion mass
spectrometer for in situ surface analysis. The x-ray phctoelectron
and Auger electron spectrometers were located in another instrument
and thus necessitated an air transfer for analysis. Surface
composition data were obtained before, during and after ion bombard-
ment. The details and capabilities of this instrument are
described in reference 2.

The TiB, samples were made bv chemical vapor deposition on

2
graphite substrates by the hydrogen reduction of TiCl4 and BCl3

at 900°C and atmospheric pressure (3). ©Nominal coating thickness
was 20 um. The samples were ], 3 %X 1.3 X .25 cm. They were
mounted in the analysis chamber such tha® they were bombarded

at normal incidence. The current to the sample was measured by
biasing the sample to 45 volts to return tlie secondary electrons.
The total deuterium fluence striking the sample was measured using
a current integrator and was such that approximately 100 ug

was lost during a meésurement. The mass change measurecments were

made using a Mettler microbalance. The sputter yield was determined

from
N_AM
o

5= Ta

where N, is Avogadro's number, AM is the mass change, I is the
i total deuterium fluence expressed as the number of incdicent ions,
and A 1s the atomic weight of the target atoms. D; ions were used for
the 500 ev, 1000 eV, 1500 eV, and 2000 eV measurements while DI
was used for the 10 keV measurement, Appropriav= adjustments were

made for the number of atoms per ion and the energy per atom.




RESULTS AND DISCUSSION

The measured sputter yields are shown as a function of
energy in Fiqure 2. The yields increase with energy up to
about 1 keV where they reach a maximum of 0.024 atoms/ion.
Above 1 kev the yield slowly decreases with energy. The data
at energies belo@ the maximum in the sputter yield curve can be
interpreted in terms of the scaling law of Bay et al. (l). They
have found that for a mass ratio of ML/MZ < 0.4 and a reduced energy
of 1 < E' < 20, the sputter yields can be represented by

7/2

s = 6.4 x 1073 !12Y5/3E 4 - %.) (1)

when M2 and Ml are the target :nd incident ion masses in a.m.u., and

_ am, M, pt =E
T a2 Ein
(M +M,)
Ein is the threshold energy for sputtering and can be calculated
E
frowm E = B where E_ is the surface binding energy.
By T B

Note that this expression contains no adjustable parameters.

Following the suggesticn of Bay et al. (1) we have used the

sublimation energy for the surface binding energv. Using the

data from the JANAF (4) tables we have calculated a binding energv

of 7.4 eV for TiBz. For the energy range criterion to be applicable,
equation 1 s4hould be good up to about 1 kev for deuterium on TiB,.

The solid curves in Figure 2 are a plot of =quation 1 assuming the targe-
mass is 1) boron, 2) titanium and 3) the average mass for TiBz. As

can be seen from the Figure, the best agreement between the data and



the formula of Bay et al. occurs when the mass of Ti is used for

M This observation is in agreement with data of Roth et al. (5)

9-
for carbides, i.e., one must use the mass of the heavier component
as MZ in order to obtain agreement between the experimental data
and the formula of Bay. Roth has attributed this to the enrichment
of the heavier component at the surface due to preferential
sputtering of the light component. In compounds where preferential
sputtering occurs, it is generally the heavier component which is
enriched at the surface while the lighter element is sputtered

away (6). The Bay formula is only valid for energies below the
peak in the sputter yield. The dashed high energy portion of the
curve is a smooth curve drawn through the data. The decrease in
the sputter yield in this region is attributed to the increase

of the ion penetration depth (7). The open circles are the

recent data of Roth et al. (8) for TiBZ. As can be seen from the
figure, there is good agreement between the two sets of data.

The assumption of preferential sputtering of B from the

surface of TiB, before, during and after bombardment by the 2 kev

2
deuterium ions has been studied by various surface analysis
technigues. 1In Figure 3 are shown Auger spectra of TiB2 obtained
before and after deuterium bombardment. These spectra were
obtained after a light Ar ion bombardment which removed the
adsorbed hydrocarbon that had accumulated during air transfer to
the Auger spectrometer. The continued presence of the carbon

peak indicates that the samples contained a carbon impurity.

As can be seen from the figure, the B/Ti ratio is lower after
bombardment, again suggesting a B depletion in the surface region.

This assumption is also confirmed by the depth profile of

AN
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Figure 4 where the B/Ti ratio is plotted as a function of
sputter time {(depth) into the sample. From the data and by
estimating the sputter rate we find that the B is depleted in
approximately the first 200 ; of the deuterium sputtered sample. This
is about the range of a 2 key p* ign on TiB2 ().

X-ray photoelectron data of 'I‘iB2 after deuterium irradiation
are shown in Figure 5. These data suggest that Tio2 is formed
near the bombarded surface. Due to the fact that the sample
was transferred in air to the XPS spectrometer, the qguestion
of the oxides forming during the transfer was raised. While this
is a possibility, the SIMS spectra shown in Figure 6 clearly indicate
that TiO+ and TiD+ ions are being sputter removed from the sample 4
during deuterium jon bombardment. These data are also consistent with
the theory of preferential sputtering of B from the surface. They also
indicate that the enriched Ti is reacting with the deuterium
and oxXygan in the analysis chamber to form TiDX and Tiov.

SUMMARY

The sputter yields for CVD TiB2 have been determined for
deuterium ions in the range of 500 eV to 10 keV. These results
are in agreemant with the formula of Bay et al. if preferential
sputtering of the B is assumed. This assumption is supported by
surface analysis data obtained from virgin and sputtered samples.
The fac’ that this reduction in B content increases hydrogen and OXygeil
gettering must be considered when using TiB2 in a tokamak.
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FIGURE CAPTIONS

Schematic drawing of the low energy ion beam system
used for the sputter yield measurement.

Sputter yield of TiB2 irradiated by deuterium ions
as a function of energy. Thce solid smooth curves
were obtained from the formula of Bay et al. (1).
The dashed curve is a guide to the eye.

2uger spectra from T182 before and after exposure to

20 2 keV deuterium ions/cmz.

~10
B/Ti as a functicn of sputter time (depth) of an as-
received and deuterium sputtered TiD2 sample.

High resolution x-ray photoelectron spectra of Ti
from a deuterium bombarded sample.

Positive secondary ion mass spectra obtained during

deuterium ion bombardment.
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