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Standard Practice for
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 Spectrometry (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 meastrements;-or-both—measurements.
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 appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:?
E673 Terminology Relating to Surface Analysis
2.2 I-SG—S-ta-ndm'd-'—ISO Standards

a-nd—fefereﬁees—l—Z—l-G—B—&nd—lﬂ4—t-hefei-n—ISO 21270 Surface Chemlcal Analy51s—X -ray photoelectron and Auger electron

spectrometers—Linearity of intensity scale; and references 1, 2, 10, 13 and 14 therein.

! This practrce is under the Jurrsdrctron ot ASTM Committee E42 on Surface Analysrs and is the direct responsibility of Subcommittee E42.06 on SIMS.
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3. Terminology

3.1 Definitions:
3.1.1 See Terminology E673 for definitions of terms used in SIMS.
3.1.2 See Terminology ISO 21270 for definitions of terms related to counting system measurements.
3.1.3 isotopic ratio, n—written as "2 X/ 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 spectrometer it refers to the ratio of the signal intensities for the two species.
3.1.3.1 Discussion—The notation A”2X or 82X refers to the fractional deviation of the measured isotopic ratio from the
J] standard ratio or reference. In this guide;practice, A2 X will refer to the fractional deviation of the measured ratio, uncorrected
for mass-fractionation (see 3.1.4) and 8"°X will refer to the fractional deviation of the measured ratio that has been corrected for
] mass-fractionation. An example for magnesium (Mg) is:

( stg/24Mg) Meas

APMg = —e———
(PMg/**Mg)g,s

()]

where:
> Mg/ *Mg)g,s = 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 ( X) shall be represented by the notation m,, where “i”” is an 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 determined 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

J] efficacy of the method is increased if the sample is flat and uniform, such as a silver (Si) wafer or a polished metal block so that
the count rate of the isotopes varies minimally during the individual measurements.

5. Significance and Use

5.1 Electron multipliers are commonly used in pulse-counting mode to detect ions from magnetic sector mass spectrometers.

The electronics used to amplify, detect and count pulses from the electron multipliers always have a characteristic time interval
I after the detection of a pulse-afterpulse, during which no other pulses can be counted. This characteristic time interval is known
as the “dead time.” The dead time has the effect of reducing the measured count rate compared with the “true” count rate.

5.2 In order to measure count rates accurately over the entire dynamic range of a pulse counting detector, such as an electron
multiplier, the dead time of the entire pulse counting system must be well known. Accurate count rate measurement forms the basis
of isotopic ratio measurements as well as elemental abundance determinations.

5.3 The procedure described herein has been successfully used to determine the dead time of counting systems on SIMS
instruments.> The accurate determination of the dead time by this method has been a key component of precision isotopic ratio
measurements made by SIMS.

6. Apparatus

6.1 The procedure described here can be applied to any mass spectrometer, including SIMS, with a pulse counting system.

7. Procedure

7.1 Choose a sample of the appropriate material to make the measurements simple and uncomplicated by issues such as
charging or geometry. The material should be a conductor, or semiconductor. It should be polished flat and mounted in a suitable
manner for analysis in the SIMS instrument. The element to be measured should have at least 3 isotopes with one being
approximately 10 times more abundant than the others. The signal obtained from the most abundant isotope will be used as the

] denominator to form all of the isotopic ratios. Examples of this kind of element are: Si, Mg, and titanium (Ti).

7.1.1 The dead time of a counting system can be characterized as either retriggerable (paralyzable, or extendable),
non-retriggerable (non-paralyzable, or non-extendable), or a combination of the two. In a retriggerable system the length of the
discriminator output pulse is increased if a pulse arrives at the discriminator input before the output has returned to its quiescent
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