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Report to Dr. F. Smidt, Naval Research Laboratory, Washington, D.C.

From C. R. Clayton, SUNY at Stony Brook.

Fvaluation of the use of sputter profiling with XPS or AES for the study

of surface carburization resulting from high energy (>20 keV) ion implanta-
tion.
{Introduction

e have previously used Auger depth profiling with Xe ion etching to

determine the extent of carburization resulting from ion iﬁplantation.

An ongoing study with Dr. Ken Grabowskil will be described in the next report.
In this report we have investigated the possibility of surface carburization
resulting from the low energy ion bombardment associated with sputter pro-
filing.

When a sample is analyzed by AES or XP5 a surface contaminant layer of

carbonacious material is always observed. The source of the contamination

may be external and/or vacuum related. The following are likely sources:=-

ﬁiAtmospheric)
.éCleaning solventi
/‘hotary pump oil during initial pump dow§)
ADiffusion #ump fluid (polyetherb an
/ﬁfbut—gassing of anodes and filaments.
~The catﬁon contamination layer has been examined aé a source of carbide
formation at the near surface region of the substrate of a high purity Cr
sample. The influence of the Xe ion acceleration potential, the amount of
carbon contamination and the thickness of the surface oxide layer on the
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*amount of carbide formed was determiqggﬁ\

In the first stage of this work a stationary 5 micron electron beam
of 3 keV and 20 microamps was used to detect the carbon KLL spectra
obtained from the surface oxide of a chromium sample., On monitoring the
change in C signal peak-to-peak height over a period of 1000 secs, the
position of the beam was then moved to an adjacent location and the KLL
line monitored.for a further 1000 secs. Figure 1 shows the effect of
pressure on the rate of C accumulation. The higher pressure was achieved
by back-filling with Xe. The first location of the e~beam shows that C
builds up in the region analyzed. The lower carbon accumulation in the
adjacent region implies that C build-up is largely due to surface migration
as is often found in transmission electron microscopy. At the higher
pressure where carbon contamination is greater the higher arrival rate of
C washes out the influence of surface migration as indicated by the close-
ness of the two plots in Figure 1b.

It is relevant to note at this point that we can clearly distinguish
between C as a hydrocarbon and carbide either by the e~beam or X~-ray
induced C KLL Auger spectra as shown in Figures 2 and 3 respectively.

Xe profiling at 3 keV was carried>out on a Cr sample and the results
are shown in Figure 4a. The C depth profile indicates the presence of
hydrocarbon throughout the sputtering of the oxide layer and presence of

a carbide within the metal phase. The peak-to-peak heights of the carbide

|

spectra are higher than for the hydrocarbon resulting in an elevation in

the depth profile. Continued etching results in complete removal of the
carbide. Recontamination led to further carbide formation resulting from —

the sputter profiling. This is depicted in Figure 4b.
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These results indicate that Xe ion bombardment at 3 keV results in
both sputtering and ion beam ﬁixing of the surface carbon. It is apparent
from the depth profiles of Figures 5 & 6 that reducing the acceleration
potential of Xe to 2 or 1 keV does not reduce the probability of carburiza-
tion occurring. For an oxide layer of approximately 1 nm the C species can
readily enter the metal phase before sputtering has appreciably lowered the
C concentratioﬁ. A thicker surface oxide film should reduce the amount of
C reaching the metal-oxide interface and consequently the amount of carbide
formed. To illustrate this point a thick oxide film was formed on the Cr
sample surface by oxidation at 900°C for 2 hours. Figure 7 shows the
resulting depth profile compiled for this sample. It is clearly seen that
carbide formation does not occur because entrapment of C iu the oxide layer
is such that on sputtering of the oxide layer all of the carbon is essentially
removed before it can enter the metal.

Since most ion implanted surfaces have oxide layers of the order of
the penetration range of the low energy sputter ion species an alternative
means must be sought to remove the surface C contaminant layer if carburiza-
tion due to the implantation process is to be studied. In this work care
was taken to employ a high mass element such as Xenon in order to lower
depth of penetration by the sputter ion. It is more common to use Argon
ions which show in Figure 8 to be more efficient at 2 keV in enabling the
surface C to reach the metal substrate.

A similar study was carried out for pure Fe samples in the same way
carburization was found to result from auger depth profiling as shown in
Figure 9. It is therefore concluded that AES or XPS depth profiling is
not suitable for the analysis of ion implantation-induced carburization.
Similarly SIMS depth profiling is also unsuitable for this aspect of

analysis unless isotope doping is employed.
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Polarization studies of Fe implanted with Cr in UHV and CO.

We also report the results of polarization studies of pure Fe and
Cr implanted Fe in a pitting solution containing deaerated 0.01M NaCl
buffered to pH 6. The polarization curves are shown in Figures 10-14.

The following final breakdown potentials were observed:-

SAMPLE (mV vs SCE) COMMENTS
Fe . ~580 ——
Cr->Fe (UHV) -100 c-C
Cr->Fe (UHV) ~220 c-C
Cr->Fe (UHV) -240 c-C
Cr->Fe (CO) -580 ' —_—
Cr->Fe (CO) -190 —

*C-C = Crevice Corrosion

Three samples revealed large anodic current maxima associated with
crevice corrosion under the epoxy mask applied to the samples. The anodic
maxima represent the inhibition of crevice corrosion in much the same way
as has been reported for pitting. (W. Schwenk Corrosion 20, 129t (1964)).
Pitting however is more localized than crevice corrosion attack and would
undoubtedly be difficult to _.hibit since even shallow pitting would
eventually lead to galvanic attack at the Fe-rich base of the pit. The
few samples examined showed a mixed behavior. The two Cr implants carried
out in the CO environment produced in one case the same breakdown poten-~
tial as pure Fe and in the other case the second best resistance to

localized corrosion. Clearly more testing should be planned.
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