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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-g

avernmental in liaison with 1SO_also take part in the waork 1SQO collaborates clo

ly with the

Interr

Interr

The main task of technical committees is to prepare International Standards. Draft\internation

adop
Intern

Attention is drawn to the possibility that some of the elements of this document may be the sub

rights

ISO 1
SC6

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization
ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F
ed by the technical committees are circulated to the member bodies fer voting. Publi
ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

. ISO shall not be held responsible for identifying any or all such patent rights.

3084 was prepared by Technical Committee ISO/TC 201{)Surface chemical analysis, S
Secondary ion mass spectrometry.
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Introduction

Secondary-ion mass spectrometry (SIMS) is a powerful technique for the analysis of organic and molecular
surfaces. Over the last decade, instrumentation has improved significantly so that modern instruments now
have very high repeatability and constancy (Reference [2] in the Bibliography). An increasing requirement is
for the identification of the chemlcal composmon of complex molecules from accurate measurements of the
mass of the s that
contain diffefent chemical const|tuents but are of the same nominal mass (rounded to the nearesthinteger
mass), is thus an important parameter. A relative mass accuracy of better than 10 ppm is required to
distinguish between C,H, (28,031 30 u) and Si (27,976 92 u) in a parent ion with total mass up to1 000 4, and
between CH}, (14,015 65 u) and N (14,003 07 u) in parent ions with total mass up to 300 u, \However| in a
recent interlaboratory study (Reference [3] in the Bibliography), the average fractional mass’ accuracy was
found to be [150 ppm. This is significantly worse than is required for unambiguous identification of iops. A
detailed study (Reference [4] in the Bibliography) shows that the key factors degrading the accuracy include
the large kingtic energy distribution of secondary ions, non-optimized instrument parameters and extrapolation
of the mass $cale calibration.

This Internafional Standard describes a simple method, using locally sadrced material, to optimizg¢ the
instrumental [parameters, as well as a procedure to ensure that accurate-calibration of the mass scale is
achieved within a selectable uncertainty.

iv © 1S0O 2011 — All rights reserved
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Surface chemical analysis — Secondary-ion mass
spectrometry — Calibration of the mass scale for
a time-of-flight secondary-ion mass spectrometer

1 $cope

This [nternational Standard specifies a method to optimize the mass calibration accuracy in time-¢f-flight SIMS
instryments used for general analytical purposes. It is only applicable to time-of-flight instruments but is not
restricted to any particular instrument design. Guidance is provided for some of the instrumentgl parameters
that g¢an be optimized using this procedure and the types of generic peaks suitable to calibrate the mass scale
for optimum mass accuracy.

2 $ymbols and abbreviated terms

2.1 [ Symbols

m mass of interest

my calibration mass 1

my calibration mass 2

AM mass accuracy (u)

Mp measured peak mass (u)

My true mass (u)

U(m) mass uncertainty for a mass.m, arising from calibration
Uy uncertainty in the accurate mass measurement of
U, uncertainty in the accurate mass measurement of m,
Uy average uncertainty in an accurate mass measurement
VR reflector or accéptance voltage (V)

w relative mass accuracy

number,'of carbon atoms
number of hydrogen atoms
o(AM) “standard deviation of the mass accuracy for a number of peaks

oM average of the standard deviations of AM for each of the four CAH}+ cascades with 4, 6, 7 and 8
carbon atoms

=

2.2 Abbreviated terms

MEMS micro-electromechanical system
PC polycarbonate

ppm parts per million

r/min revolutions per minute

SIMS  secondary-ion mass spectrometry
THF tetrahydrofuran

ToF time of flight

© 1S0O 2011 — All rights reserved 1
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3 Outline of method

Here, the method is outlined so that the detailed procedure, given in Clause 4, may be understood in context.
Firstly, to optimize a time-of-flight mass spectrometer using this procedure, obtain a thin film of PC on a
conducting substrate (silicon). The optimization procedure is achieved by carrying out the procedures in 4.3 to
4.5 iteratively; it uses 19 specific CxHy peaks in the polycarbonate (PC) positive-ion mass spectrum. In 4.6, a
general calibration procedure is given which provides the rules by which calibrations for inorganics and
organics may be incorporated. This leads to a new generic set of ions for mass calibration that can improve
the mass accuracy from some often used calibrations by a factor of 5. The effects of extrapolation beyond the
calibration range are discussed and a recommended procedure is given to ensure that accurate mass is
achieved, within a selectable uncertainty, for large molecules. Therefore, the procedure has two parts,
optimization end-catibration—Subctauses4-+to4-5are uniy n::quilc:d aspart of-the |c9uia| maintenancepf the
instrument as$ defined by the testing laboratory. Subclause 4.6 is required for all calibrations of the mass-gcale.
This is summarized in the flowchart in Figure 1.

START

Optimize No
instrumental
parameters?

Yes

4.1/4.2 Obtaining/Preparing the
reference sample for optimization

A 4

4.3-Obtaining SIMS spectral data

A 4
4.4 Calculating mass accuracy

A 4
4.5 Optimizing instrumental parameters

A 4

4.6 Calibration procedure
for spectra

Figure 1 — Flowchart of sequence of operations of the method

2 © 1S0O 2011 — All rights reserved
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4 Method for improving mass accuracy

4.1

Obtaining the reference sample for optimization

A sample of thin (10 to 100 nm) PC on a flat conducting substrate (e.g. silicon wafer) shall either be obtained
or prepared, as described at 4.2.

4.2

4.21

Preparation of polycarbonate sample

Instructions for the preparation of a PC reference sample are provided. This method can give
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4.3

l

le-to-sample—repeatabilityinTFeF-SIMS—spestra—of-betterthan—1,9-%[2]—Fe-prepare—such
SIMS analysis requires a clean working environment. To reduce surface contamination, cle
rers and powderless gloves shall be used. The equipment required is a 1 ml glass~pipe

bt deposition of the PC solution may be used. However, this will give poor repeatability, wh
carefully taken into account during spectral analysis.

nium foil. Introduce the PC into the 100 ml, glass-stoppered measuring-flask, add tetrahydn
blytical reagent quality, to the 100 ml level line. Shake the flask to mix the PC and allow time
letely. This produces a 1 mg/ml solution of PC in THF. The aluminium foil shall be freshly
hiny surface used. Ensure that the THF is anhydrous. Otherwise, streaks will appear from
Coating as described in 4.2.3. The shelf life of freshly prepared stock solution shall be no m
h owing to water take-up.

1 It does not matter if the PC contains low levels of additives such as Irgafos.

2 It does not matter if the final PC/THF solution coencentration varies by +20 %.
Use a conveniently sized (1 cm by 16em) piece of silicon, or another flat or polishe
rate, and clean it overnight by soaking-in propan-2-ol (isopropyl alcohol). Ultrasonica

n-2-ol. Mount the substrate on thé spin casting device. Pipette approximately 0,2 ml of thg
the substrate and spin cast at 4,000 r/min for 25 s. Samples may be prepared by depos
on using a 5 ml pipette onto‘the silicon surface then air drying under ambient conditions. K
bd will result in an uneven 'PC film, so care shall be taken when comparing spectra, as pe

ry.

1 It is not essential what substrate is used, as long as it is conducting. Silicon has been
quality films.

2 Using this procedure, the film thickness will be approximately 10 nm. The absolute thickness is 1

Obtaining the SIMS spectral data

4.3.1

a sample for
hn glassware,
te, a 100 ml

-stoppered measuring flask and a device for spin casting. If a device for spin casting is ot available,

ich will need

Using poly(bisphenol A carbonate), abbreviated to PC, weigh out™100 mg on a clg¢an piece of

pfuran (THF)
to dissolve it
unrolled and
water when
ore than one

] conducting
ly clean the

rate in fresh propan-2-ol and dry. If @n ultrasonic bath is not available, just rinse the safple in fresh

PC solution
iting the PC
lowever, this
Ak intensities

found to give

ot critical.

Insert the PC. Qampln inside the chamber of the SIMS instrument

4.3.2

4.3.3

Operate the instrument in accordance with the manufacturer's or local documented instructions. The
instrument shall have fully cooled following any bakeout. Ensure that the operation is within the
manufacturer's recommended ranges for the ion-beam current, counting rates and any other parameter
specified by the manufacturer. Check that the detector multiplier settings are correctly adjusted.

Select the normal analytical settings and acquisition time. For ToF instruments, select a repetition rate

that gives a maximum mass of at least 800 u. If the total counts in the CgH,,0O peak are less than 10 000,
increase the acquisition time to ensure that this peak contains more than 10 000 counts. This may not be
possible if the signal is too weak and it is not possible to achieve 10 000 counts within a reasonable time. To
ensure that the maximum ion fluence (1x1016 ions/m2) is not exceeded, an enlarged raster area may be
required. The acquisition time finally chosen will be a compromise between the data quality and the duration

© 1S0O 2011 — All rights reserved
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of the work. Record the parameters set. Ensure that the detector is not saturated using the manufacturer's or
local documented instructions. This may be achieved by reducing the number of primary ions per pulse.

NOTE For details of acquiring high-quality SIMS spectra with good repeatability and constancy, refer to ISO 238300,

4.4 Calculating mass accuracy

4.41 Instrument manufacturers' software may provide the calculation of the peak position automatically; it is
often sufficient to use this to obtain a value of M,. A more accurate and reliable method for measurement of
the mass of the peak in the spectra, M, can be used. An asymmetric Gaussian function, G, can be used to
fit to the signal intensity versus the mass position, Mp, and the fitting used to calculate the peak position, M.

Where M, is[the peak centre, M is the peak mass and G is a scaling term, G,, the Tit to signal intensity, is
given by
2
. —(Mp-M,)
Gp = @y exp P_"o 5 (1)
Ao-a(Mp-M,)]

and

o = FWHM(e =0) )

2,/2In2

where
FWHM(a = Q) is the full width at half-maximum of the base Gaudssian width for &= 0. The term « gives the
asymmetry, and for o= 0 the function is pure Gaussian.
For each pepk, fit Equation (1). Only use those intensities above 50 % of the maximum intensity to pvoid
interference from neighbouring peaks. You should calibrate using the peak position method you intend tp use
for accurate nass identification in your work.
NOTE A asymmetric Gaussian function gives‘a’good fit to a wide range of peak shapes, whereas the mean|value
can lead to significant errors for asymmetric peaks. Typically, the asymmetric Gaussian function is an excellent descfiption
of the peak down to 15 % of the maximum integsity, although the fitting, here, only covers to 50 %.
4.4.2 The mass accuracy, AM, ig"defined as the difference between the measured peak mass, Mp, and the
true mass, Mt

AM = M P —MT (3)
and the relatjve mass<@ccuracy, W, is given by

W = Ay (4)

M

In the text that follows, W will be given in parts per million.

4.4.3

Figure 2 shows AM for a range of hydrocarbon peaks of polycarbonate in an unoptimized instrument.

AM varies widely along the mass range for ions with different fragmentation. This illustrates an instrument with
modest mass scale accuracy.

© 1S0O 2011 — All rights reserved
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In Figure 2 the peaks marked with an arrow are used to calibrate the spectra. The circumscribed symbols
denote the mass peaks used to measure oy,. Here the asymmetric Gaussian function is used.

AM, 103 x u 4

2 :

-4 -
60

To pfovide a statistical measure of the-divergence of AM from 0, select the peaks for the four

120

Figure 2 — Mass accuracy, AM, for hydrocarbon peaks from PC positive-ion spec
with a reflector voltage, /' =60 V

140 M

\j

tra

well-defined

C,H I cascades with x =4, 6, 7 and 8, respectively, identified in Figure 2 by the circumscribed data points and

detailed in Table 1.

Table’1 — Peaks identified in Figure 1 used to calculate o,

x value lon True mass, u
4 C4H> 50,015 65
4 C4H4 52,031 30
4 C4Hs 53,039 13
6 CgHy 7404565
6 CeH3 75,023 48
6 CeH4 76,031 30
6 CeHs 77,039 13
6 CeHs 78,046 95
7 C;H, 86,015 65
7 C/H3 87,023 48
7 C/H4 88,031 30
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Table 1 (continued)

x value lon True mass, u
7 C7Hs 89,039 13
7 C7Hg 90,046 95
7 C7H7; 91,054 78
8 CgH, 98,015 65
8 CgHs 101,039 10
8 CsHs 102;04700
8 CgHg 104,062 60
8 CgHg 105,070 40

Measure AM

[ for each peak using Equation (3) and calculate the four standard deviations for OC.H
x=4,6,7an

d 8. The formula to calculate aCxHy(AM) is exampled for x = 6 in Equation(5).

6

Z(AMCGH)/ -

MMy |
y=2

A\M )

O-CGHy( - 4

Finally, calcdlate, oy, the average of the standard deviations.ef¢{AM for each of the four CxHy+ casgades

defined in Tgble 1 using:

1t
=— AM )+ AM )+ AM) + AM 6

om =7 |OcH, (AM)+ocg (AM)+ ooy (AM)+oce ( )} (6)

where for x 44, 6, 7 and 8, aCxHy(AM) is the standard deviation for the C,H," cascade.

NOTE Sgme care might be needed to take,into account the lifetime of molecules and the changes this has ¢n the

mass accuracy. For the molecules used hefe,)and shown in Table 1, there is no noticeable effect of the lifetimes [of the

molecules on fthe mass accuracy.

4.5 Optinmjizing instrumental’parameters

The measurg oy, is now used to optimize the instrument operating parameters. For improved mass accyracy,

the value of jo; needs-to/be minimized. This is illustrated with examples here, for a reflection instrument, for

optimization
Figure 3. It is
lens setting ¢

of the lens settings and optimization of the analyser deflector X and Y plates, as sho
simple-to locate the optimum lens setting from the minimum of the curve in Figure 3 a) giy
f £6'%. Similarly, it is clear that the optimum setting for the analyser deflector plates has a

vn in
ing a
proad

minimum, ris

ing’steeply at large deflections, cenired approximately around a setting of 0 for both X 2

ndY

deflectors. It is therefore important that a suitable procedure is used to align the ion optical axis and the
ion-beam raster area. This method may be used to optimize other parameters, such as energy slit values,
contrast diaphragms, pass energy and extraction potential. Optimize these by conducting, iteratively, the
procedures in 4.3 to 4.5 for a range of analyser settings, to obtain graphs similar to those in Figure 3. These can
be used to decide which analyser settings will minimize ¢, and hence give an optimum mass accuracy. Use
guidance from the instrument operator's manual or the instrument manufacturers, to choose suitable variations in
analyser settings.

NOTE The optimization procedure aims to reduce the scatter seen in Figure 2. The scatter is characterized by the g,
value; a reduction of g, is a reduction in that scatter. An example of the possible improvement in scatter is shown in
Figure 3 as a reduction in g;,. The overall improvement will depend on the instrumental parameters that can be changed.
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O,y (x 107) 4

2,5 T T T T

0,5 N

0 ! ! ! ! >
70 72 74 76 78 80 X,

a) Lens settings

o,y (x 107) 4

2,5 T T T

=<
I
oo

bt

1,51 N

o
(O)
T
|

X, -10 -5 0 5 10 X,

b) Analyser deflector X and Y settings

Key
X, lens setting, in %
X, analyser deflector X and Y settings

Figure 3 — Change in gy, for different lens settings and analyser deflector X and Y settings
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4.6 Calibration procedure

4.6.1

In the measured spectrum, only peaks that you are confident in cor

identifying, shall be used as calibration peaks.

NOTE

identification of peaks will negate this.

4.6.2

The mass calibration in ToF SIMS spectra is conducted in the spectrum itself, rather than the
instrument being calibrated.

rectly

Incorrectly identified peaks will lead to inaccuracies in the mass scale calibration; however, ensuring correct

For samples exhibiting a roughness or edge height of over 1 ym, the mass resolution and mass scale

calibration accuracy WI|| be degraded. If the topography is structured (for example a MEMS devrce) rather than

random (abrz:

46.3 The

standard look- :
s spectrometry, the ion is measured and therefore the mass of the electron (5,49, X104 u) fi
bf ionization charges should be subtracted or added for positive and negative.ions respecii

used. In mas
the number
for the relevs

NOTE Fd
it has a mass
mass of the m|

464 ltis

nt level of accuracy.

r the example C,H;0: from a periodic table of isotope masses the commonest.earbon (C) isotope is 1
bf 12,000 000 u; similarly the mass of H = 1,007825 u and the mass of O = 45,994 915 u. Therefore th
plecule C4,H;0 =4 x 12 u+5 x 1,007 825 u + 15,994 915 u = 69,034 040 u.

common practice to use hydrogen as the first mass in the ealibration. This is very useful ag

2 and
e true

it is

easy to idenfify without a calibrated mass scale and may be used to establish a first calibration. Howevgr, for

accurate cali

NOTE TH
for this arises
observed as 3
deduced mass

4.6.5
entities as ca
original pare

NOTE 1

NOTE 2 At
This biases th
NOTE 3 M
4.6.6 Calih
second mas

mass m, incl
the lifetime d

For fnolecular analysis of minimally degraded fragments, use peaks for similarly minimally deg

Minimally degraded ions can be jdentified using G-SIMS (Reference [5] in the Bibliography).

bration of the mass scale, hydrogen is not recommended:

e uncertainty of the mass measurement of hydrogen is significantly greater than average. Part of the r
since the trajectory of hydrogen is affected more strongly by stray magnetic fields than heavier ions
displacement of the ion image), thus adding to theldncertainty in the measured transit time and hen
value.

libration peaks. That is: calibrate using ions that have low degradation or fragmentation fro
ht structure. Do not include atomic iens in the mass calibration. Avoid metastable ions.

bmic ions have large kinetic energies, which lead to large values of AM compared with organid
b calibration. This arisés-since most mass spectrometers do not have full energy compensation.

btastable ions cah be identified by their broad peak shape.
5 m, withvas high a mass as is conveniently available. For identification of large molecu

ildea\mass m, > 0,55 m in the calibration ions. Some care may be needed to take into ac
famolecules and the changes this has on the mass accuracy. The use of molecules with

bason
(often
Ce the

aded
m the

ions.

rate using~a first mass m, within, or as close as possible to, the mass range 12 to 30 u and a

es of
Count
large

a-ch sha+ild-b

peak widths

NOTE

The requirement to use widely separated masses in the calibration, with m, >

bhaot oy, indinat Lfatimac aviatrdad
racTa y oo atc- SroTrt et e S SOt ot avorac U

4.6.7 Add several further intermediate calibration masses; five calibrant ions are sufficient.

NOTE

Using several measures generally improves the quality of the calibration.

0,55 m, is explained in Annex A.
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