Quality Assurance in an Ion Implantation Laboratory
The classical method of Rutherford backscattering spectrometry (RBS) can now be used as a new primary
direct reference method [1] for measuring Quantity of Material in thin films, and in particular to support
quality assurance for ion implantation laboratories. The University of Surrey Ion Beam Centre has been using
this full method systematically over the last three years to validate the accuracy of its 200 kV (Danfysik)
general-purpose ion implanter at better than 2% (see Colaux et al, 2015 [2] a paper featured by the Royal
Society of Chemistry), and has recently been accredited to the ISO 17025 standard to supply certified implants
to customers.
Ion implantation is an enabling technology both for the huge semiconductor industry world-wide, and also for
manipulating the chemistry of near-surface layers of modern functional materials. Accurate implantation [3] is
important, for example, for ion implanted standards (for secondary ion mass spectrometry, SIMS), and much
scientific work requires very good control of the fluence in the ion beam.
The quality assurance method used for certifying the implanted dose by RBS obtains absolute accuracies with a
standard measurement uncertainty approaching 1%. The comparable uncertainty for the indicated fluence on
the implanter is similar, and does not involve the system calibration (used for industrial implanters) which is
capable only of relative accuracy.
The work depends on accurate determination of the electronic gain [4] of the spectrometric system and of the
energy loss behaviour of silicon [5] (used as an intrinsic measurement standard). The robustness of the
method was first demonstrated in a multi-lab comparison [6] between Surrey, Budapest, and Lisbon.
The beam energy [7] is also obtained directly with very high accuracy, enabling absolute calibration of the
terminal voltage of the accelerator in a collaboration between Surrey and Namur, which incidentally
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established the energy of the 7156 keV level of the Ne nucleus with a significantly reduced uncertainty
compared to the compilations [8].
RBS is “non-destructive”, that is, the sample is not significantly changed unless the energy deposited by the
beam causes changes (such as cross-linking in polymers or other beam-damage [9] effects). This means that it
can be used as part of a multi-technique analysis [10], or for real-time process [11] measurements, or to
characterise valuable (such as works of art [12]) or irreplaceable (such as forensic [13]) samples.
RBS is also reference-free, and makes no assumptions about the sample, essential for primary reference
methods. This is the first time that an Ion Beam Analysis laboratory has obtained ISO 17025 accreditation of its
technical competence in carrying out RBS at this accuracy.
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