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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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Progress in energy-dispersive X-ray spectrometry (EDS) by means of improved manufacturing
technologies for detector crystals and the application of advanced pulse-processing techniques have

incre

ased the general performance of spectrometers, in particular at high count rates and at low

energies (below 1 keV). Meanwhile, the Si-Li detector technology has been successfully replaced by the
silicon drift detector (SDD) technology which provides performance comparable to Si-Li detectors, even
at considerably higher count rates. In addition, a smaller detector capacitance results in the capability
of measuring even higher count rates and in the availability of larger area detectors. This document
has therefore been updated with criteria for the evaluation of the performance of such modern

specirometers.

A sppctrometer is commonly specified by its energy resolution at high energies defirled as the full

peak

width at half maximum (FWHM) of the manganese Ka line. To specify the lpropgrties in the

low ¢nergy range, values for the FWHM of carbon K, fluorine K or/and the zeropeak are given by the
manfifacturers. Some manufacturers also specify a peak-to-background ratio;i#hich may be defined as

aped

k-to-shelf ratio in a spectrum from an 55Fe source or as a peak-to-valley'ratio in a borgn spectrum.

Diffefring definitions of the same quantity have sometimes been employed. The sensitivity of the
specfrometer at low energies related to that at high energies depends.strongly on the corstruction of

the d
impd

etector crystal and the X-ray entrance window used. Although-high sensitivity at low energies is
rtant for the application of the spectrometer in the analysis©f light-element compounds, normally,

the manufacturers do not specify an energy dependence for spectrometer efficiency.

This

document was developed in response to a worldwide demand for minimum specffications of

an ehergy-dispersive X-ray spectrometer. EDS is one_ of*the most applied methods used to analyse

the d
perfq

hemical composition of solids and thin films.,This document should permit compafrison of the
rmance of different spectrometer designs on the basis of a uniform specification [and help to

find [the optimum spectrometer for a particulat’task. In addition, this document contributes to the
equallization of performances in separate test Taboratories. In accordance with ISO/IEC 170251, such

laboj

atories should periodically check the ¢alibration status of their equipment according|to a defined

procgdure. This document may serve as a;guide for similar procedures in all relevant test laboratories.
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Microbeam analysis — Selected instrumental performance
parameters for the specification and checking of energy-

dispersive X-ray spectrometers (EDS) for use with a
scanning electron microscope (SEM) or an electron probe
microanalyser (EPMA)

1

This
spec
the 4
oper

and

attag
proc
scop

2
The

refer
docujment (including any amendments) applies-

ISO 4
ISO 2

3

For
folloy

ISO 4

NOTE 5 — ;
the same or analogous form in ISO 22309[2], 1SO 18115-1[4] and

3.1

N

pcope

document defines the most important quantities that characterize an energy-disp
[rometer consisting of a semiconductor detector, a pre-amplifier and assignal-proceq
ssential parts. This document is only applicable to spectrometers with,semiconduct
hting on the principle of solid-state ionization. This document speCifies minimum r¢
how relevant instrumental performance parameters are to be chiecked for such sp
hed to a scanning electron microscope (SEM) or an electron probe microanalyser
pdure used for the actual analysis is outlined in ISO 22309[2kand ASTM E1508I3] and is
e of this document.

Normative references

'ollowing referenced documents are indispensable for the application of this documer]
ences, only the edition cited applies. For undated references, the latest edition of the

3833, Microbeam analysis — Electroniprobe microanalysis (EPMA) — Vocabulary

2493, Microbeam analysis — Scdnning electron microscopy — Vocabulary

Terms and definitions

he purposes of this.document, the terms and definitions given in ISO 23833, ISO 22
ving apply.

nd IEC maintain'terminological databases for use in standardization at the following ¢

ISO Online browsing platform: available at https://www.iso.org/obp

|

EC Electropedia: available at http://www.electropedia.org/

ersive X-ray
sing unit as
br detectors
pquirements
bctrometers
EPMA). The
outside the

1t. For dated
b referenced

193 and the

ddresses:

A LGth tho aveantion AFf2 1 29 2 9 1
Wttt exte par oS5

energy-dispersive X-ray spectrometer

tons are given in

device for determining X-ray signal intensity as a function of the energy of the radiation by recording
the whole X-ray spectrum simultaneously

Note 1 to entry: The spectrometer consists of a solid-state detector, a preamplifier, and a pulse processor. The
detector converts X-ray photon energy into electrical current pulses which are amplified by the preamplifier. The
pulse processor then sorts the pulses by amplitude so as to form a histogram distribution of X-ray signal intensity
(3.8) vs energy.
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3.2
count rate

:2021(E)

number of X-ray photons per second

3.2.1

input count rate

ICR

number of X-ray photons absorbed in the active detector area per second that are input to the electronics

3.2.2

output count rate

OCR

number of V|
memory, ing

Note 1 to ent

associated wjith each individual measurement. Consequently, the number of successful measytrements i

than the nurn
(output cound
(3.2.1)). Outp
short measuf

3.3
real time
duration in

Note 1 to ent

3.4

dead time
time during
previous ev

Note 1 to ent
Note 2 to ent

3.5
live time
effective du

Note 1 to ent
Note 2 to ent

3.6
spectral ch
discrete int

hlid X-ray photon measurements per second that are output by the electronics and stor
luding sum peaks

ry: When the electronics measures individual X-ray photon energies, there is some.dead time

hber of incident photons in every practical case. Thus, the accumulation rate-into the sped
rate (3.2.2)) is less than the count rate of photons that cause signals in the detector (input coun
pt count rate (3.2.2) may be equal to input count rate (3.2.1), e.g. at very l6W count rates and foj
ements.

beconds of an acquisition as it would be measured withra conventional clock

"y: For X-ray acquisition, in every practical case the realtime (3.3) always exceeds the live time

which the system is unable to record a photon measurement because it is busy process
ent (frequently expressed as a percentage of the real time (3.3))

y: Dead time = real time - live time.

Fy: Dead-time fraction = 1 - OCR/ICR.

Fation of an acquisition, in seconds, after accounting for the presence of dead time (3.4}
"y: Live time = peal-time for an analysis minus cumulative dead time.

Fy: Live-tim&fraction = 1 — dead-time fraction.

annel

ed in

(3.4)
5 less
trum
t rate
very

(3.5).

ing a

vidth

erval of the measured energy for the histogram of recorded measurements with a y

defined by a regular energy increment

3.7

instrumental detection efficiency
ratio of quantity of detected photons and quantity of the photons incident on the active detector area

3.8

signal intensity
strength of the signal in counts per channel or counts per second per channel at the spectrometer
output after pulse processing

Note 1 to entry: This definition permits intensity to be expressed as either “counts” or “counts per second” (CPS).
The distinction is not relevant to the procedures described in this standard so long as either one or the other is
consistently employed.
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peak height
maximum signal intensity (3.8) of a spectral peak measured as height of the peak above a defined
background signal (3.11)

3.10

peak area
net peak area
sum of signal intensities (3.8) of a spectral peak after background signal (3.11) removal

3.11

bacl
cont
cont
non-
othe

Note
spect
of theg
signal

3.12
bren
brak
non-

and having an energy distribution from 0 up to the incident beam energy

3.13
X-ra}
TOA
angld
dete

Note
rangd

3.14
Zero
strol
nois
artif
gap |

Note
and g
alway

sl uuud oisua:

inuous X-ray spectrum

jnuum

characteristic component of an X-ray spectrum arising from the bremsstrahlung
- effects

1 to entry: Apart from the bremsstrahlung (3.12), degraded events occurring, due to the opg

rometer may contribute to the background signal (3.11). Extraneous signals-arising from one
spectrometer, microscope chamber or specimen itself (by X-ray scattering) may also add to th
(3.11).

nsstrahlung
ing radiation
Characteristic X-ray spectrum created by electron déeeleration in the coulombic field

y take-off angle

t between the specimen surface and.the'direction where exiting X-rays will strike the
Ctor’s sensor

1 to entry: With increasing solid-angle encompassed by the detector, TOA may vary significa
around that TOA corresponding-to the central position on the X-ray sensor.

peak

be zero peak

e peak

cial peak generated by the pulse processor initiating measurements whenever there
etween realphoton pulses

1 to entry: The zero peak effectively simulates the peak that would be obtained from zero en
an be used to calibrate the energy scale and determine the electronic noise contribution. How
Fsvisible to the user. The strobe zero peak should not be confused with a structure in the ener]

(3.12) and

ration of the
r more parts
e background

| of an atom

tentre of the

ntly within a

is a suitable

ergy photons
ever, it is not
oy histogram

near Zero energy that I1s the result ol pulse measurements triggered by electronic noise fluctuations that are
indistinguishable from low energy photon pulses. The strobe zero peak may sometimes be shown instead of this

struc

ture or the structure may be excluded from the display.

4 Requirements

4.1

General description

The manufacturer shall describe, using appropriate reference texts, the essential design elements of the
spectrometer in order to permit the user to evaluate the performance of the spectrometer. Elements
that are indispensable for the evaluation of the suitability of a spectrometer for a certain field of
application shall be given explicitly. These are to include the type of EDS (Si-Li EDS, HpGe EDS, SDD EDS,
etc.), the thickness of the sensor, the net active sensor area (excluding the window grid area and after
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collimation) and the type of the window (beryllium, thin film window or windowless). Parameters
which may not be encompassed by this document, but that may influence detector performance, e.g.
the construction principle of the cooling system, shall be explained in the reference text. Some detector
systems are capable of very high count rates, but at high count rates other specifications like energy
resolution may alter and artefacts may appear in the spectrum. All specifications should therefore be
accompanied by a statement of the count rate at which they are measured and it should not be assumed
that the specification will be the same at other count rates.

NOTE In many cases the specific geometry of the EDS detector at a particular SEM/EPMA chamber can
result in a reduction of the net active sensor area as expected after subtraction of shadowing area caused by
the window grid. For example, a falsely mounted collimator, electron trap or shadowing by other parts in the
SEM chambep-eanreduce-additions he-tHHumination-of-the-detector-with-X-rays—A-practies g how
to determing experime ed in
Reference [5].

ntally the effective area of an EDS detector and under which conditions is desctih

resolution

The perforn
specified af
Spectromet
the carbon |
determined
resolution v
For most dg
best energy
SDD EDS, th

4.3 Dead

In order to ¢
4.2, the corn
is given in 3|

Dead time i
spectrum fi
time for ead
the criterio
to the arriv
peak shape

with count

essential de

4.4 Peak

11 be
M of
1ition
The
ralid.

hance of an EDS depends on the pulse processing details. The energy té€solution shg
the FWHM of the manganese Ka peak and determined in accotdance with Ann
ers that claim detection of X-rays lower than 1 keV shall also be specified by the FWH
( and the fluorine K-lines. The specified FWHM shall be an upperlimit in that the resol
in accordance with Annex A is guaranteed to be no greatef,than the specified value
alue shall be accompanied by a statement of count rate ferwhich the specification is Y
tector systems the best energy resolution is attained-.attan ICR < 1 000 counts/s angd the
resolution shall be specified. Where detector systems.offer higher count rate capabilit}, e.g.
e energy resolution shall also be specified at high ICR, €.g. 50 000 counts/s, 500 000 counts/s.

time

ed in
ction

bvaluate the process time of the EDS, complementary to the energy resolution specifi
esponding dead-time fraction should be“specified. The calculation of the dead-time fra
4.

5 a consequence of the electronics rejecting “bad” measurements in order to achieve
Helity. In many systems, thesrejection criterion is designed to ensure that the measure
h photon is identical. Hewever, it is possible to reduce the dead-time fraction by rel:
h for pulse rejection-and allowing the measurement time per photon to vary accol
bl time of photons (“adaptive filtering”). In this case, the process time is not defineq
and resolution wilkthange with count rate and this could cause analytical results to
rate. Therefor€, any specification of dead-time fraction should include a description d
kign elements of the electronics as per 4.1.

high
ment
1xing
rding
, the
vary
f the

to-background ratio

The peak-tg

-background ratio shall be derived at the point of manufacture of the spectrometer [from

an acquired

spectrum of an >°Fe source as a characteristic spectrometer parameter. The ratio shall be

given by the peak height of the manganese Ka line divided by the background. The background shall be
calculated as the mean number of counts per channel within the energy range from 0.9 keV to 1.1 keV.
Sufficient counts shall be recorded in the spectrum to make the measure statistically significant (as
per A.4) and the electronic threshold(s) shall be set up so that any energy cut-off occurs well below the
specified range.

NOTE1 Beside other factors, the peak-to-background ratio depends on spectrometer resolution. Therefore,
the ratio is only relevant for the comparison of spectrometers with similar resolution performance.

NOTE2 In an electron microscope, the bremsstrahlung from a manganese specimen can be considerably

greater than the background component caused by degraded events. Therefore, a manganese specimen cannot
be used to measure the peak-to-background ratio.
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4.5 Energy dependence of instrumental detection efficiency

The minimum specification for the energy dependence of the instrumental detection efficiency shall be
the intensity ratio of a low energy line and a high energy line in the characteristic X-ray spectrum of a
given material. This ratio shall be given as the net peak area of the L series lines divided by the net peak
area of Ka series lines in the spectrum of a pure nickel or copper specimen, excited by a 20 keV electron
beam perpendicular to the specimen surface and collected by the detector at a take-off angle of 35°. The
specimens to be used, the measurement conditions, the calculation of L/K ratio and its conversion for
TOA # 35° are given in Annex B.

NOTE1 These measures are only appropriate for a detector thick enough to absorb atleast 95 % of the incident

X—ray CICTZY at-8keW-

NOTE 2 If the specimen chamber containing ports to fix the detector does not allow a take:offf angle of 35°,
the LYK ratio at any other take-off angle can be converted to that for 35° by applying the absorptipn correction
formalism of quantitative electron probe microanalysis (see B.4).

5 Check of further performance parameters

5.1 | General

The parameters described in 4.2, 4.3 and 4.5 shall be specified: by the manufacturers gnd checked
periddically by the users. In addition, the users may checkiother parameters and effectis which are
releviant for the performance of the spectrometer, especialljrat high count rates.

5.2 | Stability of the energy scale and resolution

For the range of count rates that will be used in‘practice, the stability of the energy scale, i.¢. of the peak
positfions, can be checked. For example, the change in centroid position for Mn Ka peak|over an ICR
range of 1 000 to 50 000 counts/s can be evaluated on a periodical basis. For the determination of the
peakl centroid position only data at or nearthe FWHM energy locations should be used. The stability of
resolution with count rate can also be checked.

5.3 | Pile-up effects

At hjgh count rates, pile-up-effects produce both sum peaks and pile-up continuum 3rtefacts, so
that [relative peak areas-ate more or less altered in the X-ray spectrum at high count rates even
after| electronics andrsoftware corrections. The pile-up effects might be checked e.g. by measuring a
specfrum at a low_count rate (below 1 000 counts/s) of a reference material (pure aluminifim is a good
choige) with kngwirbeam current for a known time. The beam current should then be incifeased and a
new fpectrunrebtained at higher count rate. The spectra should then be scaled by dividing by the beam
current and-tithe and then compared. This will reveal any distortions due to pile-up and [any energy-
depejndentdistortion in the live-time correction.

5.4 Periodical check of spectrometer performance

The periodical check of system performance may be carried out by users using a known reference
material that is appropriate for the type of analysis to be conducted. For example, a dedicated test
material and measurement procedures are described in References [6] and [7].

© IS0 2021 - All rights reserved 5
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Annex A
(normative)

Measurement of line widths (FWHMs) to determine the energy

A.1 Spec

Specimens

polytetrafly
periodically]

specimen ¢
regulations.
carbon and

A.2 Spec

The PTFE sy
layer in ordd

the scannin

VZ-1977 shd

encapsulate

for X-ray sp¢4

A.3 Prep

Calibrate th
record the X

A.4 Meas

Select a cha
Operate at

NOTE
the FWHM d¢

Operate at
K-spectrum

Adjust the b

11\0
Under this¢ondition, the similarity of carbon and fluorine peak heights in a PTFE spectrum en

resolution of the spectrometer

lImens

shall be an encapsulated 5°Fe source to measure the manganese Ka .line a
oroethylene (PTFE) piece or foil for the carbon and fluorine K-lines. Incorder to ¢
the FWHMSs at high count rates as well as in the user laboratory, a polished mangd
in be used if 55Fe is not available or may not be used in the laboratery due to s
Alternatives to PTFE to measure the carbon and fluorine K-lines afe; respectively, g
h fluorine-containing mineral such as CaF,.

imen preparation

ecimen shall be coated with an approximately 20 nm thick evaporated or sputtered ca
r to make the surface conductive. If 55Fe is used with'the spectrometer already attach
b electron microscope, sources similar to Amershdm Buchler >5Fe gamma reference s
1l be also coated with carbon on one side only. This makes it easy to find the position ¢
d radioactive pill and to locate the source in the microscope at the correct working dist
bctrometry.

aratory work
e energy scale of the spectrometer using manufacturer's recommended procedurs
-ray lines and energies used:for that calibration.
urement conditions

nnel width <10-eV.

keV primiary electron energy to record the carbon K and fluorine K-lines.

tepthination of both lines from one spectrum.

11\ b

hd a
heck
nese
hfety
lassy

rbon
ed to
urce
f the
ance

and

ables

+1a £ 3 4 d +1
1J NUV DUCdAIIl Cllclsy IIT LIICT Cdadol Ul d ulqusaucoc DlJCLllllCll; LU 1TCLCUIU L1IT lllqlls

eam current so that the ICR during measurement is as specified in 4.2.

Peak heights shall exceed 10 000 counts.

nese
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Background subtraction

The background shall be neglected in spectra from an 55Fe source, PTFE or glassy carbon specimens.

NOTE

The peak-to-background ratio for the K-lines in the case of a PTFE or glassy carbon specimen is

above 100. Neglecting the background slightly overestimates the peak FWHM by about 1 eV or less but avoids
all problems associated with background modelling and subtraction. It can be considered as a reliable and
reproducible measure for system-to-system comparison.

A linear background shall be subtracted before FWHM calculation in the case of manganese and
of fluorine-containing mineral specimens. The linear background shall be interpolated between

back

oround points located twice the FWHM above and below the peak centre. Each back

round point

shall

A.6

For
Refel

be established as the mean value of five adjacent channels centred on the chosen backg

Calculation of FWHM

the calculation of the FWHM, the following procedure shall be applied (in agre
rence [8] or [9]). Find those two channels at the low- and high-energy side of the pg

counfts just above and just below half of the peak height. Interpolate between each pair 4

fract|
as th
mult

The {

NOTE

signa

ions of the channel width that correspond exactly with the half wraximum. Computg
e interval, in channels, between the two half-maximum posibtions (including fract
plied by the channel width, in eV, established by calibration.ef the spectrometer.

inal result shall be the mean of at least five individual.measurements.

For some special pulse processor designs the sesolution can show a minor depen
| intensity and the spectrum content. In such cases; the measured FWHM might slightly d

specimen used.

A7

Figu

Examples

eV channel width and a PTFE spectrum measured at 10 keV beam energy, 5 eV channe

TOA
for t
subt
and

he calculation of the FWHM to the manganese Ka peak as described in A.6 after a
raction as described in A.57The corresponding beam energy was 15 keV, the channel
[OA = 35°.

round point.

ement with
ak with the
o find those
the FWHM
onal parts),

lence on the
epend on the

res A.1 and A.2 give examples of-amanganese spectrum from an >>Fe source measured with 10

width, and

= 30° together with the calculated FWHMs. Figure A.3 illustrates the application of thle procedure

background
width 10 eV
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0 L L Ll et Dol ovy g
5,5 5,6 5,7 5,8 5,9 6,0 6,1 6,2 6,3 X

Key
X  energy, KeV

Y intensity} counts per channel x 104
a FWHM: 127,2 eV.

Figure A.1 — Manganese Ka spectrum emitted from an 35Fe source and calculated FWHM
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Y
15 000 |- []‘
10 000 |- !\
5 000 |- \
0
o 01 02 03 04 05 06 A% 08 09 1 X

X  ¢nergy, keV

Y iptensity, counts per channel
a FWHM: 56,0 eV

b FWHM: 61,1 eV

Figure A.2 — 10 keV spectrum from a PTFE specimen and calculated FWHMs for the rarbon and

fluorine K-lines
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Figure A.3 — Manganese Ka peak from a 15keV spectrum of a polished manganese specimen
showing the linear background interpolated as in A.5 and the FWHM calculated as in A.b6.
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