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Standard Practice for
Reporting Sputter Depth Profile Data in Secondary lon Mass

1

Spectrometry (SIMS)
This standard is issued under the fixed designation E1162; 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 covers the information needed to describe
and report instrumentation, specimen parameters, experimental
conditions, and data reduction procedures. SIMS sputter depth
profiles can be obtained using a wide variety of primary beam
excitation conditions, mass analysis, data acquisition, and
processing techniques (1-4).%

1.2 Limitations—This practice is limited to conventional
sputter depth profiles in which information is averaged over the
analyzed area in the plane of the specimen. Ion microprobe or
microscope techniques permitting lateral spatial resolution of
secondary ions within the analyzed area, for example, image
depth profiling, are excluded.

1.3 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.4 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E673 Terminology Relating to Surface Analysis (Withdrawn
2012)*

3. Terminology

3.1 For definitions of terms used in this practice, see
Terminology E673.

! This practice is under the jurisdiction of ASTM Committee E42 on Surface
Analysis and is the direct reponsibility of Subcommittee E42.06 on SIMS.

Current edition approved Nov. 1, 2011. Published December 2011. Originally
approved in 1987. Last previous edition approved in 2006 as E1162 —06. DOI:
10.1520/E1162-11.

2 The boldface numbers in parentheses refer to the references at the end of this
standard.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

“The last approved version of this historical standard is referenced on
Www.astm.org.

4. Summary of Practice

4.1 Experimental conditions and variables that affect SIMS
sputter depth profiles (1-4) and tabulated raw data (where
feasible) are reported to facilitate comparisons to other labo-
ratories or specimens, and to results of other analytical tech-
niques.

5. Significance and Use

5.1 This practice is used for reporting the experimental
conditions as specified in Section 6 in the “Methods” or
“Experimental” sections of other publications (subject to
editorial restrictions).

5.2 The report would include specific conditions for each
data set, particularly, if any parameters are changed for
different sputter depth profile data sets in a publication. For
example, footnotes of tables or figure captions would be used
to specify differing conditions.

6. Information to Be Reported

6.1 Instrumentation:

6.1.1 If a standard commercial SIMS system is used, specify
the manufacturer and instrument model number and type of
analyzer, such as, magnetic sector, quadrupole, time-of-flight,
and so forth. Specify, the model numbers and manufacturer of
any accessory or auxiliary equipment relevant to the depth
profiling study (for example, special specimen stage, primary
mass filter, primary ion source, electron flood gun, vacuum
pumps, data acquisition system, and source of software, etc.).

6.1.2 If a nonstandard commercial SIMS system is used,
specify the manufacturer and model numbers of components
(for example, primary ion source, mass analyzer, data system,
and accessory equipment).

6.2 Specimen:

6.2.1 Describe the specimen as completely as possible. For
example, specify its bulk composition, preanalysis history,
physical dimensions. If the specimen contains dopants, for
example, semiconductors, report the dopant type and concen-
tration. For multicomponent specimens, state the degree of
specimen homogeneity. Describe any known contaminants.

6.2.2 State the method of mounting and positioning the
specimen for analysis. Specify any physical treatment of the
specimen mounted in the SIMS analysis chamber (for example,
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heated, cooled, electron bombarded, and so forth). Note the
specimen potential relative to ground. Describe the method of
specimen charge compensation used (if any), for example,
conductive coatings or grid, electron flooding, etc.

6.3 Experimental Conditions:

6.3.1 Primary Ion Source—Give the following parameters
whenever possible: Composition of beam (if mass filtered, give
the specific ion and isotope, for example, '°O7); angle of
incidence (relative to the surface normal); ion beam energy;
charge state and polarity; current (including the method used
for measurement, for example, Faraday cup); beam diameter
(including the method used for measurement); size and shape
of sputtered area; primary beam current density for a stationary
beam (A/m?); beam raster size and rate (if used); primary ion
dose rate averaged over the sputtered area (ions/m”-s). If the
primary ion beam is pulsed at some point during the profile
(such as in a time-of-flight SIMS) details of the pulsing should
be described (pulse width, repetition rate, extent of beam
bunching, and so forth). In addition, any special alignment or
tuning of the primary column should be specified or refer-
enced. State if this is a dual beam or single beam analysis. In
the case of dual beam depth profiling (one continuous and the
other pulsed), parameters of both primary ion sources should
be described in detail.

6.3.2 Secondary lon Mass Spectrometer—Give the follow-
ing parameters whenever possible: analyzed area versus total
sputtered area (for example, image field/selected area aperture
size for stigmatic ion microscopes; raster/electronic signal
gating for ion microprobes, and so forth); collection angle
(angle between surface normal and secondary ion collection
optics); the spectrometer energy acceptance/bandpass within
the secondary ion energy distribution used during depth pro-
files (particularly important if energy discrimination is used to
remove polyatomic ion interferences); reflectron voltages,
pulsing conditions, and post-acceleration voltages for time-of-
flight instruments; mass resolution (M/AM where AM is the
peak width at a specified fraction of the maximum intensity
(such as, 50 % or 10 %) for an ion peak of mass M); method
used to perform selected ion monitoring during sputtering (for
example, electrostatic or magnetic peak switching procedures
for double focusing instruments); the type of specimen charge
compensation used if any (for example, changes in sample
potential biasing during depth profile). If any electron flood
gun is employed, specify electron current or dose (electrons /
m?).

6.3.3 Secondary Ion Intensity Measurement—Specify the
type of detector (for example, electron multiplier, Faraday cup)
and detector bias used including the counting (integration) time
used for each measurement of each ion of interest. For analog
detection, give the detector system time constant. For pulse
counting detection, give the pulse pair resolution including
dead time corrections. For rapidly rastered primary beams,
correct intensities (counts/second) to instantaneous values by
multiplying by the ratio of total sputtered area to the analyzed
area (important procedure to help assess possible detector
saturation limitations (5)).

6.3.4 Vacuum—Specify pressures in the primary column,
specimen chamber and mass spectrometer prior to and during
sputter depth profiling, including the type of vacuum pumping.
Also give the composition of the residual gas, if available. If
flooding of the sample surface region or backfilling of the
analysis chamber with reactive gases (for example, oxygen) is
used give the details of the procedure including the partial
pressure of the reactive gas.

6.4 Quantification by Data Reduction:

6.4.1 Concentrations—If any elemental concentrations are
presented, state clearly the methodology used for quantification
(6 and 7). In addition, specify the details of any external or
internal standards used including methods for normalization in
comparing ion intensities in reference materials to ion intensi-
ties in specimen depth profiles. A commonly used method
makes use of Relative Sensitivity Factors derived from mea-
surements of ion-implanted reference materials to calculate
impurity concentrations in similar matrices (8). Specify refer-
ence materials made by ion implantation according to ion
species, isotope, dose, energy, matrix, and reference data used
to calculate peak concentration of the implant in the reference
material. Report analytical precisions for multiple determina-
tions of concentrations.

6.4.2 Depth Scales—Specify the methods used (if any) to
relate elapsed sputter time to a depth sputtered (that is, depth
scale calibration). Possible techniques include measurements
of: times to remove reference material films of known
thickness, ion implant standards with peak concentrations
occurring at calculated depths (for example, by TRIM of SRIM
simulation (9)), or crater depths via various stylus profilometry
or interferometry techniques. Report any nonuniform sputter-
ing of the specimen, if observed.

6.5 Display of SIMS Sputter Depth Profile Figures:

6.5.1 Raw Ion Intensity Versus Sputtering Time (or Fluence)
Profiles—The left hand vertical axis should be ion intensities
measured in arbitrary units (analog detection), or in instanta-
neous counts per second (pulse counting, see 6.3.3). The
intensity axis can be either linear or logarithmic depending
upon suitability relative to the dynamic range of the profile.
The scale selected should be clearly indicated. The bottom
horizontal axis should be the sputtering time reported in time
units or fluence (coulomb/m? or ions/m?). If the primary ion
parameters are changed during the profile in a manner that
affects the sputter rate, the time axis must be adjusted accord-
ingly.

6.5.2 Quantified Depth Profiles—If elemental concentra-
tions or depth scales are quantified as described in 6.4.1 and
6.4.2, use the following procedure. The right hand vertical axis
can be reported in units of atomic percent, weight percent, or
atoms per cubic metre/centimetre, whichever is most conve-
nient or appropriate. The top horizontal axis can be indicated in
units of depth (typically nanometres or micrometres). An
example of the format is shown in Fig. 1 for a "B implant
profile in silicon.
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FIG. 1 SIMS Sputter Depth Profile of Boron in Silicon
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the ASTM website (www.astm.org/
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