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ABSTRACT DE91 008371

The change in the optical constants of aluminum alloy and
iron samples caused by implantation with nitrogen and chromium
ions has been investigated by spectroscopic ellipsometry. The
objective is to develop a method for simple, non-destructive
characterization of ion-implanted metals.

INTRODUCTION

We have studied the effect of nitrogen and chromium
implantation on the optical constants of aluminum and iron in
order to develop a technique for distinguishing between
implanted and unimplanted metals. Reflection ellipsometry is a
promising candidate for such a technique since for light in the
visible or near-visible range of the spectrum the skin depth in
metals is a reasonably good match to the depth of penetration of
ions in the 100 keV range. The match between these two
distances is better for metals of relatively poor conductivity
(tungsten and stainless steel, for example) and for implantation
with relatively heavy ions (chromium or platinum, for example)
than for the opposite case, that is, light ions (nitrogen) and
good conductors (copper or aluminum).

What matters here is the depth below the surface of the
metal to which ion implantation modifies the morphology and
stoichiometry of the layers of material under the surface.
Amorphization and compound formation as well as the creation of
voids would be expected to lead to a change in optical
properties, but another important factor influencing these
properties is the abrasion of the surface by sputtering during
ion implantation. Sputtering not only affects the concentration
profile of the implanted atoms but it also has an effect on
surface finish: a rough surface may become smoother.
Furthermore, surface films (oxide layers) may be sputtered away
as well as implanted to some extent. Orce implanted, the
material may become much more corrosion-resistant than the
unimplanted material, thus influencing the rate of formation of
a new oxide film after implantation. An implanted metal sample
may differ in all these respects from an unimplanted one of the
same material. For the development of a practical technique all
these effects must be taken into account.

EXPERIMENTAL

We have carried out a preliminary study of the effect of
implantation with chromium and nitrogen ions on the optical
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'constants of pure iron (Johnson-Matthey, Ltd.) and an aluminum
alloy (no. 2024 which contains about 5% copper). The technique
of reflection ellipsometry is illustrated by the diagram of
Fig. 1. The ellipsometer was designed and constructed by the
J.A. Woolam Company of Lincoln, Nebraska [1]. Implantation was
carried out at Oak Ridge National Laboratory.

The aluminum alloy samples are 2 mm thick and square in
shape, with edge dimensions of 2.5 cm. They were polished prior
to implantation and before measurement of their optical
constants with 0.5 fim diamond powder. On completion of the
measurement of the optical constants of the unimplanted samples,
a 0.25 mm thick tantalum foil was spot-welded to. each sample in
order to shield approximately one-half of its area from the ion
beam, and thus to allow us to compare the optical constants of
exposed and shielded portions. Unfortunately, it turned out
that the optical constants of the shielded areas of both samples
differed significantly from the constants measured prior to
placement in the implantation chamber, suggesting that a surface
film had formed in the chamber under the tantalum foil. We now
believe that this effect, as well as a similar effect observed
with the iron samples, was caused by the outgassing of the
tantalum foils under ion bombardment. To avoid this
complication in the interpretation of our data we have compared
the optical constants of the implanted samples with the
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Fig. 1. Diagram of variable angle spectroscopic ellipsometer
designed by J.A. Woolam Company [1]



constants of the original unimplanted samples. The plots of
Figs. 2 through 6 reflect this comparison.

The 2 mm thick iron samples are also square in shape, with
edge dimensions of 2.3 cm. They were polished by Johnson-Matthey
to a surface finish of 0.5 pm rms before purchase. We measured
the optical constants of all three iron samples as received
(before placement in the implantation chamber) for comparision
with the same constants after implantation.

RESULTS

Experimental results for the aluminum alloy'samples are
shown in Figs. 2 and 3. Samples Al-2 and Al-3, implanted with
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Fig. 2. Measured optical constants as functions of wavelength
and angle of incidence of two aluminum alloy samples before
and after implantation with 80 keV nitrogen ions,
(above) Sample Al-2 implanted to a dose of 2 x 1017 ions/cm2

(below) Sample Al-3 implanted to a dose of 6 x 1017 ions/cm2



80 keV N+ ions at doses of 2 x 1017 ions/cm2 and 6 x 1017 ions/cm2

respectively, exhibit noticeable changes in the index of
refraction and extinction coefficient as a result of
implantation. The magnitude of the change in these constants
caused by implantation is a function of total implanted dose.
The variation of the observed constants with angle of incidence
suggests a variation of surface composition with depth.
Considerably more dramatic changes are evident in Fig. 3, which
shows the effect of implantation by 120 keV Cr+ ions to a dose of
3 x 1017 ions/cm2, illustrating the criteria mentioned earlier,
namely that the more limited range and greater sputtering
coefficient of the chromium ions, as compared to nitrogen ions,
has a larger influence on the composition of the surface layer
responsible for the optical properties of the material.

The iron samples Fe-2 and Fe-5 were implanted with 80 keV
N+ ions at doses of 7 x 1016 ions/cm2 and 6 x 1017 ions/cm2,
respectively. The optical constants measured before and after
implantation are compared in Figs. 4 and 5. The change in the
optical constants of nitrogen ion-implanted iron samples is not
as pronounced as those observed for implanted aluminum samples,
although the angular dependence of n and k suggests the presence
of a multi-component surface layer. In general, the optical
constants of unimplanted iron samples were only weakly dependent
on angle of incidence. Sample Fe-1, shown in Fig. 6, was
implanted with 120 keV Cr+ ions to a dose of 3 x 1017 ions/cm2.
We again observe a substantial modification in optical
properties, though not as dramatic as in the case of chromium
implantation of aluminum.
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Fig. 3. Measured optical constants of aluminum alloy sample Al-1
before and after implantation with 120 keV Cr+ ions to a dose of
3 x 1017 ions/cm2.



CONCLUSION

More work is needed in order to clarify the influence on these
results of the various factors discussed earlier. In addition,
surface finish is important and its effects must be understood.
How can one deal with non-planar objects in an experiment that
involves reflection of a parallel beam of light? The effect of
amorphization and the formation of sub-surface compounds, such
as A1N in the case of nitrogen implantation of aluminum [2,3],
and the various nitrides of iron [4,5] during nitrogen
implantation of iron should be analyzed.

Refractive index, n

4000

ED
©
A

-2.5

-3.0

before/70 deg
after/ 60 deg -3.5-
after/ 70 deg
after/ B0 deg

Extinction coefficient, k

5000 6000 • 7000
Wavelength (A)

8000
-4.0

m -
• © =

+ =

before/70
after/
after/
after/

60
70
80

deg ^ ^ ^
deg
deg

4000 5000 6000 .7000
Wavelength (Ai

8000

Fig. 4. Measured optical constants of iron sample Fe-2 before
and after implantation with 80 keV N+ ions to a dose of
7 x 1016 ions/cm2.
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Fig. 5. Measured optical ccnstants of iron sample Fe-5 before
and after implantation with 80 keV N+ ions to a dose of
6 x 1017 ions/cm2.
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Fig. 6. Measured optical constants of iron sample Fe-1 before
and after implantation with 120 keV Cr+ ions to a dose of
3 x 1017 ions/cm2.
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