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Pulse Counting System Dead Time Determination by
Measuring Isotopic Ratios with SIMS’

This standard is issued under the fixed designation E2426; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice provides the Secondary Ion Mass Spec-
trometry (SIMS) analyst with a method for determining the
dead time of the pulse-counting detection systems on the
instrument. This practice also allows the analyst to determine
whether the apparent dead time is independent of count rate.

1.2 This practice is applicable to most types of mass
spectrometers that have pulse-counting detectors.

1.3 This practice does not describe methods for precise or
accurate isotopic ratio measurements, or both.

1.4 This practice does not describe methods for the proper
operation of pulse counting systems and detectors for mass
spectrometry.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:?

E673 Terminology Relating to Surface Analysis

2.2 ISO Standard: 3

ISO 21270 Surface chemical analysis — X-ray photoelec-
tron and Auger electron spectrometers — Linearity of
intensity scale; and references 1, 2, 10, 13 and 14 therein.

3. Terminology

3.1 Definitions:
3.1.1 See Terminology E673 for definitions of terms used in
SIMS.
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3.1.2 See Terminology ISO 21270 for definitions of terms
related to counting system measurements.

3.1.3 isotopic ratio, n—written as m2x/™ X for an element
X with isotopes m1 and m2, refers to the ratios of their atomic
abundances. When it is a value measured in a mass spectrom-
eter it refers to the ratio of the signal intensities for the two
species.

3.1.3.1 Discussion—The notation A”?X or 82X refers to
the fractional deviation of the measured isotopic ratio from the
standard ratio or reference. In this guide, A"2X will refer to the
fractional deviation of the measured ratio, uncorrected for
mass-fractionation (see 3.1.4) and §"°X will refer to the
fractional deviation of the measured ratio that has been
corrected for mass-fractionation. An example for Mg is:
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where:

(Mg *Mg)g,, = 0.12663"

3.1.4 mass-fractionation, n—sometimes called “ mass-
bias,” refers to the total mass-dependent, intra-isotope variation
in ion intensity observed in the measured isotopic ratios for a
given element compared with the reference ratios. It can be
expressed as the fractional deviation per unit mass.

3.1.4.1 Discussion—The mass of an isotope i of element X

is an

[T

("™X) shall be represented by the notation m;, where “i
integer.

4. Summary of Practice

4.1 This practice describes a method whereby the overall
effective dead time of a pulse counting system can be deter-
mined by measuring isotopic ratios of an element having at
least 3 isotopes. One of the isotopes should be approximately
a factor of 10 more abundant than the others so that a first order
estimate of the dead time can be calculated that will be close to
the true value. The efficacy of the method is increased if the
sample is flat and uniform, such as a Si wafer or a polished

4 Catanzaro E. J., Murphy T. J., Garner E. L., and Shields W. R., “Absolute
Isotopic Abundance Ratios and Atomic Weight of Magnesium,” J. Res. Nat. Bur.
Stand., 70a, 1966, pp. 453-458.
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