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The U.S. semiconductor industry relies heavily on secondary ion mass
spectrometry (SIMS) for characterization of the depth distribution of dopants such as
boron, arsenic, and phosphorus in silicon. To assist the industry in achieving high
accuracy measurements, two Standard Reference Materials (SRMs) have been
developed by NIST as SIMS calibration standards:  SRM 2137 (Boron Implant in
Silicon), certified by neutron depth profiling, and SRM 2134 (Arsenic Implant in Silicon),
certified by instrumental neutron activation analysis.  The industry is still in need of a
phosphorus standard.

Plans are currently underway to develop a phosphorus implant in silicon SRM, to
be certified by radiochemical neutron activation analysis (RNAA).  RNAA was chosen
because other techniques lack the necessary sensitivity, chemical specificity and matrix
independence to measure phosphorus at implantation levels.  In order to assess the
sensitivity, accuracy, and precision of RNAA for this work, preliminary measurements
were carried out on six pieces of a phosphorus-implanted silicon wafer that was
previously used in a round-robin study of SIMS measurement repeatability. Standards
were prepared by depositing micro litre amounts of a standardized phosphorus solution
on aluminum foil.  A non-implanted silicon wafer was analysed as a blank.  Samples
were irradiated at a neutron fluency rate of 1 x 1014 cm-2s-1 to convert 31P to 32P, then
mixed with milligram amounts of phosphorus carrier and dissolved in a mixture of nitric
and hydrofluoric acids.  Phosphorus was separated from the matrix by precipitation first
as ammonium phosphomolybdate then as magnesium ammonium phosphate.  The
yield (fraction of recovered carrier) was determined gravimetrically as
Mg(NH4)PO4•6H2O.  32P was measured using a beta proportional counter. The
measurements yielded a mean and standard deviation of (8.35 ± 0.20) x 1014

atoms•cm-2 (relative standard deviation = 2.35 %), in agreement with both the nominal
implantation dose of 8.5 x 1014 atoms•cm-2 and a consensus value of (8.23 ± 0.33) x
1014 atoms•cm-2 determined from the round robin SIMS investigation.  The expanded
uncertainty of the measurements was determined to be about 4.6 %.

Modifications to the original procedure as well as refinements in the processing
and measurement of silicon blanks have resulted in better precision and lower
uncertainties.  Particular care was devoted to minimizing those uncertainties arising
from determination of carrier yield, measurement of the surface area of the samples,
and the blank correction.  Measurement of twelve additional samples of the implanted
silicon using the improved procedures yielded a mean and standard deviation of (8.32 ±
0.11) x 1014 atoms•cm-2 (relative standard deviation = 1.3 %), and an expanded
uncertainty, determined by evaluating and adding all individual sources of uncertainty,
of about 3 %.  Based on this work, it should be possible to determine the implanted
phosphorus dose in silicon with an expanded uncertainty of 3 % or better, which is
comparable to the uncertainty of the boron dose in SRM 2137, and is acceptable for
this SRM.


