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Abstract

A new variant of the radiotracer method for depth distri-

bution determinations has been tested. Depth distributions

of radioactive implanted ions are determined by dissolving

thin, uniform layers of evaporated material from the sur-

face of a backing and by measuring the activity before and

after the layer removal. The method has been used to deter-

mine depth distributions for 25 keV and 50 keV 57Co ions in

aluminium and gold.
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Introduction

One important consideration in most ion implantation

processes is the depth distribution of the implanted ions.

The density profile of the implanted particles is nainly

a function of the accelerating voltage, the atomic species

of the target and the projectile particles and the struc-

ture of the target. The penetration of keV particles in

matter has been studied both theoretically and experimen-

tally. Lindhard et. al. have developed calculational

techniques for range determinations . These have been

extended by Brice , who has also published tables for

range and energy deposition distributions . Computer

simulations of atomic trajectories have been made e.g. by

4)Oen et. al. . In the experimental field, the radiotracer

method and the scattering method^heve been post commonly

used.

In the radiotracer method, the target is implanted with

monoenergetic radioactive atoms. Then, the depth distribu-

tion of the activity is determined by removing a series of

thin, uniform layers from the surface of the target, and

measuring the residual activity after each layer removal.

The most accurate technique for removing thin, uniform

layers is the two-step anodic oxidation method . This

method has been applied to aluminium , silicon ' ,

tungsten and gold . Other layer removal methods are

the vibratory polishing technique , the sputtering tech-

nique ' and chemical etching . All methods mentioned

suffer from limitations-, the two-step anodic oxidation
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method is accurate but has limited applicability, while

the three latter methods are less accurate but applicable

to a wider range of targets.

In the scattering method , the implanted target is bom-

barded with monoenergetic light particles. If the stopping

power of the target material is known, one can deduce the

depth distribution of the implanted atoms by making a care-

ful energy analysis of the backscattered light particles.

The main limitation of this technique is that the foreign

atoms should be heavier than those of the substrate. Also,

it generally requires rather high implant doses.

Method description

The method is simple and can be classified as a radiotracer

method. Layers of different and well known thicknesses of

the material to be studied are evaporated on suitable

backings. Then, in analogy with the other radiotracer tech-

niques, a radioactive isotope is implanted. The activity is

measured, the evaporated layer dissolved and finally the

residual activity determined. This procedure gives the inte-

gral depth distribution, from which the differential distri-

bution can be inferred The thicknesses of the evaporated

layers are determined with high accuracy with an oscillating

crystal, which changes its resonance frequency when beeing

coated with evaporated material. During evaporation, the

crystal and the implantation targets are placed in eouivalent

positions with respect to the vapour source.
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The evaporation technique offers a possibility to cover

a wide range of targets, since one can, using a standard

evaporation (or sputtering) chamber, produce a large

number of target species.

Problems encountered with this particular technique are

e.g. "island formation" in very thin layers and varying

crystal structure due to different evaporation conditions

The first problem is probably less important since the

effect of small clusters of atoms can largely be averaged

out over the irradiated area. The second effect might be

more troublesome, though it may seem comparatively easy to

avoid channeling by choosing a "random" alignment of the

target with respect to the ion beam. However, this is not

always the case. Planar and higher order axial channeling

can give contributions to tails in the "amorphous" depth

distribution .

Another important consideration is the choice of backing

for the evaporation. Assuming that the scattering potential

felt by the impinging particles is a screened Coulomb or

Thomas-Fermi potential, the average scattering angle, and

thus the number of projectile particles reflected by the

backing into the evaporated layer, will depend on the charge

and mass numbers of the atoms in the backing. A good

backing must therefore have atomic and mass numbers close

to those of the evaporated material in order to yield

reliable results.
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Results and discussion

The method has been tested to measure depth distributions

for Co in aluminium and gold. Layers of these metals

were evaporated on glass plates. The layer thicknesses

were measured with a commercial crystal meter, which was

calibrated to an accuracy of -3 %. As ion accelerator we

used an isotope separator. Since only trace amounts of

the radioactive isotope Co were implanted, no satura-

tion effects could be expected. After the total implanted

activity had been measured, the layers of aluminium and

gold were dissolved in HC1 (with CuSO. as catalyst) and

aqua regia respectively. Finally, the remaining activity

in the glass was determined. The results are shown in fig. 1

and fig. 2. Each curve represents an average of three

measurements. The reproducibility showed to be fairly the

same for both targets and both energies with a spread in

the measured residual activity percentages ranging from 1

unit deep in the target to about 5 units closer to the

surface.

The linearity of the thickness scale was tested indepen-

dently with the backscattering method . The rates of

backscattered 10 MeV alpha particles from the evaporated

targets were recorded by an annual surface barrier detector

as a function of the thickness given by the crystal meter.

The results are shown in fig. 3.

Comparisons with other experiments and theory are given in

table 1. The experimental values for Co in aluminium
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have been interpolated between the ranges for K and Kr
17) 5)

using the approximate relation

M2/M, (1)

for the projected range. The subscripts 1 and 2 refer to

the incident and target particles respectively. To obtain

at least an estimate of the projected ranges of Co in

gold based on another experiment, we have interpolated the

projected ranges of 25 keV and 50 keV K in gold 14' between

0 and 100 keV and used formula (1) with b = 3 5*.

The theretical total ranges have been calculated according

1)
to the theory of Lindhard et. al.

range-energy relation

, using the tabulated

(2)

where p and £ are dimensionless range and energy parameters

and k is the proportionality constant of the velocity-pro-

portional electronic stopping power. The total ranges have

been converted to projected ranops in accordance with the
18)

procedure described by Schiptt . As can be seen, our

experimental projected ranges for Co in aluminium agree

well with the theoretical and the other experimental values,

while there is a large discrepancy for Co in gold.

As mentioned earlier, the ideal backing should be made of

a material with nuclear charge and mass close to those of

J



r - 8 -

the evaporated layer. If this is not the case, one will not

get the right fraction of projectile ions reflected from

the backing into the target layer. This effect will be

largest if the incident ions are much lighter than either

the atoms of the evaporated layer or the backing. In these

cases, large angle scattering in single collisions will

occur. For instance, if the incident ions and the atoms of

the backing have low mass numbers compared with the atoms

of the evaporated layer, there will be too few projectile

ions reflected from the backing into the evaporated layer,

and the measured projected range will be too long. This is

the case for Co ions impinging on gold on a glass backing

in our investigation. On the other hand, if the incident

ions are heavier than the atoms of the evaporated layer as

well as the backing, there will be no large angle scattering

in single collisions, and the fraction of projectile ions

stopped in the front layer will be nearly the same as in

an experiment with a homogeneous target. This is shown by

our results for Co ions in aluminium on glass.

In conclusion, the described method to measure depth distri-

butions of implanted ions will be applicable to many ion-

target combinations and will give reliable results if the

backing for the evaporation is chosen with care.
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Material

Aluminium

Gold

Energy (keV)

25

50

25

50

1

Projected

This work

5.7

9.9

21

35

median range (ug/cm )

Other experiment

7.3

12

14

21

Theory

4.6

8.4

10

19

Table 1. Projected median ranges for Co ions in aluminium and gold.
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ft Figure captions

% Fig. 1. Integral depth distributions of 25 keV and 50

* 57
f> keV Co ions in aluminium and gold.

r
: Fig. 2. Differential depth distributions of 25 keV and

- ' 50 keV Co ions in aluminium and gold.

Fig. 3. Linearity of the crystal meter thickness scale

measured with the backseattering method.
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