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Ion Implanted Na Source for Positron Lifetime Measuren-auts

Michael J. Fluas and Lars C. Smedskjaer
Materials Science Division, Argonne National Laboratory

Argonne, Illinois 60439, USA

A new positron source-sample fabrication technique, intended for
high temperature positron annihilation measurements, has been
developed. The method makes use of a mass separator to implant
pure Na 2 2 into the sample surface. The application of this
technique to Cu is described. A brief discussion of the origin
of the "source component" is given, and different possibilities
of correcting for it are pointed out.

A loss of radioactive source material from the positron source-sample
system can be a limiting factor for positron annihilation studies of metals
at elevated temperatures. The use of remote sources can circumvent this
problem for angular correlation and Doppler-broadening experiments, however
lifetime experiments require physical contact between the positron source
and the sample. The major criticism which can be directed at the method of
source-solution (e.g., Wa22Cl + H20) deposition is the possibility of con-
taminants from the solution residue diffusing into the sample at higher
temperatures. The present work describes a method of source-sample prepara-
tion [1], which offers the possibility of unique control of the source-
related impurities along with high-temperature integrity of the sample-
source system.

In the present work this technique is applied to Cu. Two chemically
etched (6M-HNO3) nominally 99.999 wt.% pure copper pieces (10 x 20 x 0.5 mm

3)
were used. One piece was implanted with Na 2 2 ions using the Argonne National
Laboratory Chemistry Division's mass separator as shown schematically in
Fig. 1. The Na ions (50 keV) were deposited over a broad depth distribution
in the near-surface region with a most probable depth of 'WOO A. The active
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Fig. 1. Sample and source preparation.
The total source strength was
10-20yCi(10l4 ions) and the irradiated
area was 6-8 mm2.

side of this piece was then covered with the other copper piece and the two
pieces were diffusion bonded for 5-12 h at 5 x 10° N/m^ at a temperature
of ^420°C in a vacuum of 10~^ Torr. The edges of the two bonded pieces were
then electron-beam welded to prevent leakage of the Na2^ atoms.

Work supported by the U.S. Department of Energy.



The isorapic purity of the implantation was ensured by an observed mass
separation in the target chamber of ^10 cm between N a ^ and Na** with a
single mass width of ^2 mm. In addition, no significant background current
was observed at the mass-22 position. The amount of Na transferred to the
sample corresponded to an activity of 10-20 nCi (4-8 x 10^ dps) or
0.5-1 x 10 ̂  nuclei, uniformly distributed over an area of 6-8 mm^, as defined
by a copper mask (shown in Fig. 1).
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Ancillary experiments revealed the following regarding the Na -copper

source-sample system: 1) The Na*2 atoms did not diffuse into the copper
sample, but rather resided in the interfacial region of the bond. 2) The
bond itself was found (by means of optical examination at 500X) to be in-
complete with open or unbonded regions and, thus, the original sample surface
was not fully removed. 3) As long as the weld was intact the N a ^ remained
"in" the sample, thus the sample life was determined by the integrity of the
weld. 4) Lifetime measurements on the annealed sample showed a spurious
component of ^1% intensity and 470 ps lifetime. On the basis of the low mass
of the source, this component must be attributed to the internal surface
associated with the incomplete bonding. This component is usually corrected
for in a lifetime experiment by simple subtraction, however under certain
circumstances (e.g., diffusion of the positron to the surface) it would be
appropriate to consider such a trap as competitive with other traps in the
bulk of the sample, in which case the subtraction method would be in error.
Other source-sample fabrication techniques that yield little or no spurious
component have previously been reported by other workers [2,3].

The basic advantage of the ion-implantation method is the controlled
amount of source-related impurities (which for the case of Na^2 were neg-
ligible) deposited onto the sample. A further advantage is the weighcless-
ness of the source, which means that the source component due to annihila-
tion of positrons in the source material itself is negligible.
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