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Introduction

Auger electron spectroscopy (AES) and X-ray photoelectron spectroscopy (XPS) are surface-analytical
techniques that are used to generate chemical maps and line scans of surfaces, and to provide spectroscopic
analyses from defined areas. These techniques can have lateral resolutions as good as 10 nm for AES and
can cover areas as large as many square centimetres in XPS. Different instruments generate images or
defing i ith di i inter- i i ity are poorly
defingd without clearly defined methods and terms with which to express the results. Different-gettings of an
instryment may also change the lateral resolution. An analyst needs to have a suitable methodto|measure the
latergl resolution of an instrument for any given settings. In this way, analysts can obtair the opfimum lateral
resolytion from a given instrument, appropriate to the analytical requirements, in a consistent and clear way.
The fesolution actually achieved in subsequent analyses will approach these values{n XPS but, generally, the
resolption in AES may be degraded by the effects of electron backscattering. ,The ability of the analyst to
realise these resolutions in an effective way will, of course, also depend on-the ‘quality of the |signal levels
obtaiped.

This [International Standard describes three methods for the determination of lateral resolution| in AES and
XPS.| The method chosen for use depends on the expected value of the lateral resolution. Annexes A, B and
C prqvide illustrative examples of the measurement of lateral resofution.

© I1SO 2006 — All rights reserved \4


https://standardsiso.com/api/?name=e6be8c1272bf4e862f0c74529fe2a91c



https://standardsiso.com/api/?name=e6be8c1272bf4e862f0c74529fe2a91c

INTERNATIONAL STANDARD ISO 18516:2006(E)

Surface chemical analysis — Auger electron spectroscopy and
X-ray photoelectron spectroscopy — Determination of lateral

resolution

1 cope

This International Standard describes three methods for measuring the lateral resolution achievable in Auger

electfon spectrometers and X-ray photoelectron spectrometers under defined settings. The
methpd is suitable for instruments where the lateral resolution is expected to be-larger than 1
methpd is suitable if the lateral resolution is expected to be less than 1 ym.but more than 20 n
islandl method is suitable for instruments where the lateral resolution is expected to be smaller tha

Anneixes A, B and C provide illustrative examples of the measurement of Tateral resolution.

2 Normative references

The following referenced documents are indispensable. for the application of this documen
refergnces, only the edition cited applies. For undated references, the latest edition of th
docupent (including any amendments) applies.

ISO 18115:2001, Surface chemical analysis —Vocabulary

3 Terms, definitions, symbols and abbreviated terms

3.1 | Terms and definitions

For the purposes of this.dogcument, the terms and definitions given in ISO 18115 apply. The defin
resolyition is repeated.here for convenience.

3.1.1
resolution, lateral

distapnce measured either in the plane of the sample surface or in a plane at right angles to th
imagg-fofming optics over which changes in composition can be separately established with confi

straight-edge
m. The grid
m. The gold-
n 50 nm.

t. For dated
b referenced

tion of lateral

e axis of the
dence

NOTE 1 The choice of plane should be stated.

NOTE 2  In practice, the lateral resolution may be realized as either (i) the FWHM of the intensity distribution from a

very small emitting point on the sample, or (ii) the distance between the 12 % and 88 % intensity points

in a line scan

across a part of the sample containing a well-defined step function for the signal relating to the property being resolved.
These two values are equivalent for a Gaussian intensity distribution. For other distributions, other parameters may be
more appropriately chosen. Often, for a step function, the distance between the 20 % and 80 % intensity points or the
16 % and 84 % intensity points in the line scan are used. The latter pair gives the two-sigma width for a Gaussian

resolution function.

ISO 18115:2001, definition 5.255

NOTE 3 For the purposes of this International Standard, measurement in the plane of the sample is preferred.

© IS0 2006 — Al rights reserved PROOF/EPREUVE
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3.2 Symbols and abbreviated terms
AES Auger electron spectroscopy
d diameter of an electron beam (of axial symmetry) incident on a sample surface

FWHM full width at half maximum

XPS X-ray photoelectron spectroscopy
X parameter needed for the determination of lateral resolution; the measurement of lateral resolution
begmns—whe e signat Mtensity 7S x 76 O g TaximurT Mtensity andends whe g ntengity is

(100 - x) % of the maximum. In the case of 6(50), x is 25

0 angle of incidence of an electron beam or an X-ray beam on a sample surface measured with
respect to the surface normal

4 General information

4.1 Background information

A common need in AES and XPS is the measurement of composition as.a function of position on the sgmple
surface. Typ|cally, an analyst wishes to determine the local surface composition of some identified region of
interest. Thig region of interest could be a feature on a semiconduetor wafer (such as an unwanted defect
particle or cgntamination stain), a corrosion pit, a fibre or an exposed surface of a composite material.| With
growing induktrial fabrication of devices with dimensions on the micrometre and nanometre scales, particllarly
in the semicpnductor industry and for emerging nanotechnelogy applications, there is an increasing need to
characterize materials using tools with lateral resolutions that are smaller than those of the features of intgrest.
It is generally necessary in these applications to be able to determine that devices have been fabricat¢d as
intended (quplity control), to evaluate new or current_fabrication methods (process development and prgcess
control), and to identify failure mechanisms (failure analysis) of a device during its service life or|after
exposure to fifferent ambient conditions. The lateral resolution is an important parameter in the applicatjon of
characterizafion techniques such as AES and XPS for the surface characterization of materials contgining
features with[micrometre and nanometre-dimensions.

It is clearly desirable that the laterakresolution of the technique be smaller than the lateral dimensions ¢f the
feature of interest in order that the feature can be readily imaged. The feature of interest in an AES instryment
might typically be initially detected’in a scanning electron micrograph. The primary electron beam could then
be positione¢l on the featuré and an Auger spectrum recorded. In XPS instruments, the feature of inferest
must generally be detectedffom an image or a line scan in which a particular signal (often the intensity of a
selected phofoelectron-pgak) is displayed as a function of position on the sample surface.

In practice, the detectability of a feature in AES and XPS measurements depends not only on the lateral
resolution byt also the difference in signal intensities for measurements made on and off the possible fdature
(materials conirast}-and-the-observation-time-{through-the-statistical-variations-in-the-signal-intensities). The
detectability of a feature thus depends on an instrumental characteristic (the lateral resolution), the particular
constituents of the sample, and the measurement time. Reliable detection of a feature will also depend on
instrumental stability (particularly the stability of the incident electron beam current in AES, the X-ray flux in
XPS, and the positional stability of the sample stage with respect to the electron or X-ray beam) and the
chemical stability of the sample during the time needed for acquisition of AES or XPS data.

Many authors have described and discussed the lateral resolution (often referred to as spatial resolution) of
AES and XPS instruments. Useful information can be found in Reference [1] for AES and in Reference [2] for
XPS. ISO/TR 19319 gives guidance on the determination of lateral resolution and related parameters in AES
and XPS 31,

2 © I1SO 2006 — All rights reserved
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4.2 Measurement of lateral resolution in AES and XPS

The lateral resolution for AES and XPS measurements typically depends on either the characteristics of the

incident radiation or the characteristics of the lens-analyser-detector system used in the spectro

meter. In the

former case, the lateral resolution will depend mainly on the cross-sectional dimensions (e.g. the beam
diameter) of the incident radiation (electron beam in AES or the X-ray beam in XPS) at the sample surface,
and will improve as the beam diameter decreases. In the latter case, the lateral resolution will depend mainly

on the electron-optical design of the lens-analyser-detector system together with any apertures
positioned in the electron-optical path. This is the situation

a) when the spectrometer is used for lens-defined small-area XPS,

that may be

b) hen images are produced by scanning the acceptance area of the lens, or

c) hen the spectrometer produces parallel images by projecting photoelectrons of theappro
rough the lens-analyser system to the detector.

The methods described in Clause 5 involve measurements of the intensity of a selected AES or
feature while a sufficiently sharp chemical gradient (a chemical edge) on the sample is translate
analysis position (defined by the incident beam) or the analysis position is translated across a ch
The mheasured lateral resolution will depend on the instrumental design (i.e.\the beam diameter or
optical design of the spectrometer), the intrinsic sharpness of the chemical edge used for the m
and, for AES, the magnitude and width of the Auger signal excited by Back-scattered electrons [].

4.3 [ Dependence of lateral resolution on scan direction

The measured lateral resolution can depend upon the diréction in which the translation of the
respgct to the incident beam or the spectrometer is made. This variation can arise in any of the fg
situations:

a) if an X-ray or electron beam of circular cross section (i.e. the beam has axial symmetry) is in
ample at a non-zero angle relative to_the-surface normal; the beam-intensity profile on th
en be an ellipse, as shown in Figure (¢ for the case of an incident electron beam;

b) if the lateral resolution is defined.by“the analyser or lens, and the sample normal is not paf
ntrance axis of the analyser;.or

c) if the incident beam is astigmatic.

briate energy

XPS spectral
| through the
emical edge.
the electron-
easurements

sample with
llowing three

cident on the
b sample will

allel with the

]
Z ﬂ
4/ coen T o / Y
— 6 %{'

Key

1 analysed area 3 electron beam

2 surface normal d is the diameter of the beam

NOTE The elliptical intensity profile on the sample surface is shown in the plan view on the right.

Figure 1 — Example of an electron beam striking the sample at an angle &relative

to the surface normal
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Lateral resolution should therefore be measured in at least two directions. In the case of a circular beam
incident on a sample at some angle with respect to the surface normal, the measurements should be made
along the directions of the short and long axes of the ellipse shown in the plan view of Figure 1. In the case of
an astigmatic beam, the measurements should be made in at least two directions; normally, these directions
should be orthogonal to each other. If possible, these directions should be chosen to show the smallest and
the largest values of the lateral resolution.

4.4 Methods for the measurement of lateral resolution in AES and XPS

The method to be used for the measurement of lateral resolution in AES and XPS depends on the magnitude
of the lateral resolution to be measured and on the experimental configuration. Three alternative methods are

described.

The stra
be large
configur

a)

b) The grid
than 20

incident

The golq
50 nm.
electron

The straight-|
because imp
those of the

I than 1 um. Four variants of this method may be used depending on the particular.eXperin
btion. This method is typically used to measure lateral resolution in XPS instruments:

method of Clause 6 is suitable if the lateral resolution is expected to be less‘than 5 pm but
beam may have a diameter of about 100 nm. This method may also be used for XPS instrur
-island method in Clause 7 will be satisfactory if the lateral resolution is expected to be lesg
he gold-island method is typically used in scanning Auger_microscopes where the ing
beam may have a diameter of about 10 nm.

edge or grid methods should not be used in high-lateral*resolution scanning Auger microsgq

erfections of the straight edge or of bars in the grid.sfructure may have dimensions compara
Electron beam on the sample (see Figure 1).

Note that the¢ resolution, if defined by the spectrometer,“may or may not depend on the measured elg

energy or an

y changes in the operating conditions.

5 Measurement of lateral resolution with the straight-edge method

5.1 Introd
The straight-
if the lateral
scanning inc
lateral resolu

uction

bdge method may beysed for the measurement of lateral resolution in AES and XPS instrur
resolution is expécted to be larger than 1 ym. In all variants of the straight-edge methoq
rement or the distance between the pixels in the image shall be less than 20 % of the exp
tion.

5.2 Variants of the straight-edge method

ight-edge method in Clause 5 will generally be satisfactory if the lateral resolution is-expec{ed to

ental

more

hm. The grid method is typically used for scanning Auger microscopy,on_instruments wheie the

nents.
than

ident

opes
ble to

ctron

nents
, the
bcted

Four variants

of the straight-edge method can be used depending on the experimental configuration.

5.21

Method 1

A straight edge is translated through a stationary analysis area. If this method is applied, the sample
manipulator or sample stage shall have a precision of position that is at least five times smaller than the lateral

resolution to

be measured.

5.2.2 Method 2

The analyser acceptance area is scanned over a stationary straight edge.
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5.2.3 Method 3

The primary beam (electrons or X-rays) is scanned over a stationary straight edge.

5.2.4 Method 4

An image of the straight edge is formed at a known magnification using electrons of a selected
the lateral resolution is determined from that image.

5.3 Selection of the straight-edge specimen

energy, and

The $traight-edge specimen shall have a straight, sharp edge whose length is at least ten time
the Igteral resolution to be measured. The material should be as thin as possible to minimijze._the
any signal arising from the vertical plane of its edge. It is an advantage if the material) has &
sectipn for photoelectron or Auger-electron emission because this minimizes the timémeeded
signdl of sufficient intensity. The material should be a metallic conductor to eliminate{signal variat
be brought about by changes in charge-compensation conditions needed for a non=conductor. T|
surfafe should preferably consist of a single element to avoid complications introduced by any
composition across the surface (such as could occur by preferential sputtering“during sputter cl
surfafe). A specimen consisting of a noble metal is recommended because.surface contaminati
meagurements will occur at a slower rate than for other metals, and there will thus be smaller ¢
unwgnted nature occurring in the signal-electron intensities. The Sgecimen should also be a
possipble so that signal variations due to the changing topography.of'the specimen are minimized.

NOTEH
suppd

A suitable specimen for this measurement is a silverscoated specimen with a slot, availablg
rts in scanning electron microscopy. Such a specimen js, available as catalogue number G220
Scientific Limited, 66a Cambridge Road, Stansted, Essex CM24*8DA, UK. This specimen consists of a di
diamgter having a slot 500 pm wide and 2 mm long. The suppliér reports that the thickness of this material
12 unp to 15 uym. Specimens having slots of different widths are also available. Slot grids are also available
Probq Inc., P.O. Box 656, West Chester, PA 193840656, USA, and Ted Pella Inc., P.O. Box 492
CA 9§049-2477, USA.")

5.4 | Mounting the straight-edge specimen

The
instry

traight-edge specimen shall ‘be "“mounted on the sample stage or manipulator of the
ment in such a way that @ood electrical contact can be established between the speci

S larger than
detection of
large cross

fo produce a

ons that may

he specimen
variations of
paning of the
bn during the
hanges of an
smooth as

-

D

as specimen
S6 from Agar
5c 3,05 mm in
s in the range
from Structure
177, Redding,

AES or XPS
en and the

specf{rometer. If possible, the §pecimen should be mounted so that the straight edge overhangs {he specimen

holdq
area.
proce

r and so that the spectrometer does not receive any signal when the specimen is not withi
The specimen should then be loaded into the spectrometer using the manufacturer's r
dure.

5.5 | Cleaning'the straight-edge specimen

If the straight-edge specimen has appreciable surface contamination, the required data-acquis

become”very long. Sample cleaning using the following procedure is recommended for this S

the analysis
commended

tion time will
ituation. The

straight-eédge sample should be washed in research grade alcohol and dried by passing dry ar

gon over the

surface. The region of the straight-edge specimen where the AES or XPS measurements are
should be cleaned by ion etching (e.g. by sputtering with noble-gas ions having an energy of less

to be made
than 3 keV).

The ion dose should be sufficient to reduce the intensities of any contaminant peak to less 2 % of the most

intense metal peak in an AES or XPS survey spectrum. Typically, an argon-ion dose of about 10
will be found to be sufficient. The contaminants most commonly observed are oxygen and carbon

1) These are examples of suitable products available commercially. This information is given for the ¢
users of this International Standard and does not constitute an endorsement by ISO of these products.
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5.6 Operating the instrument

The AES or XPS instrument shall be operated in accordance with the manufacturer's documented instructions.
Choose settings for the incident beam (beam energy and beam current for AES, and X-ray source and X-ray
source power for XPS). Choose spectrometer settings (e.g. analyser operating mode, analyser pass energy or
retarding ratio, apertures, lens settings, detector multiplier settings) required for or appropriate to the needed
determination of the lateral resolution. Ensure that the count rates for the selected signal are within the linear
operating range for the detector and associated electronic systems [4.

5.7 Data collection

5.7.1 Data
A line scan s
using metho
manufacture

The line sca
specimen. T
which the sig
larger than t
analysis. Thi
end of the lin
“plateau”. THh
resolution. T
where the st
of the start a

repeated with modified start and end positions or a modified step size.

If the spectrg
may depend
resolution sh
chosen to b
specimen sh
measuremer

A spectrum f
spectra shall
Ag 3dg, for
intensities by
(after subtraq
The peak int
the measure
graph.

collection for method 1, method 2 and method 3

hall be performed in a direction perpendicular to the straight edge of the straight-edgespec
d 1, method 2 or method 3 of 5.2. The line scan shall be performed in accordance wit
['s instructions.

n shall start and end with analysis positions that are wholly on the specgimen and wholly o
he distances from the start or end positions to the straight edge (ascjudged by the positi
nal is the average of the signals at the start and end positions) shall.each be at least three
ne lateral resolution expected for the value of the parameter x (s€e 5.8) to be used in the
5 requirement ensures that there is an adequate region of nearz€onstant signal intensity at
e scan. A region of near-constant signal intensity at the endsof\a line scan will be referred tg
e step size for the line scan shall be at least five times® smaller than the expected |
his requirement ensures that an adequate number of measurements will be made in the r
aight edge is passing through the analysis area. If, after the line scan is measured, the pos
nd end points or the value of the step size do not fulil these conditions, the measurement sh

meter transfer lens is used to define the lateral resolution of the instrument, the lateral reso
upon the kinetic energy of the electrons being measured. Under these circumstances, the |

as near as possible to the extrenies of the energy range normally measured. In practice,
buld be chosen that provides photoélectron or Auger-electron signals of sufficient intensity f
ts and with energies as near-as'possible to the energy extremes.

pr the selected specimenssignal electrons shall be acquired at each point of the line scan. T
include at least one. major peak from the element comprising the straight-edge specimen
XPS). The spectra-shall be recorded for an energy range that is sufficient to obtain
subsequent data_processing. The peak intensity for a spectrum will normally be a peak
tion of a suitable’background), although it could be a differential intensity for an Auger sped
bnsity shall be-'computed at each point on the line scan. A graph can then be constructed to
d intensity_as a function of position on the specimen. Figure 2 shows a schematic form g@

imen
h the

ff the
pn at
fimes
data
each
as a
hteral
Bbgion
tions
all be

ution
hteral

all be measured using at least two electron energies. The two electron energies should idea]ly be

h test
br the

hese
(e.q.
peak
area
trum.
show
f this
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Figure 2 — Schematic diagram illustrating the variation of peak area as a function of distance
along a line scan

The data-acquisition time for the spectra of the line scan will depend upon the conditions used and there will
be sthtistical scatter in the peak intensities for the upper plateau (where the signal intensity is & maximum).
The gata-acquisition time shall ‘be such that the relative standard deviation of the statistical dcatter of the
signdl intensity in the upper plateau region is less than 2 %.

5.7.2] Data collection-for method 4

Methpd 4 of 5.2_is/for the parallel-imaging mode of data collection. The straight-edge specimen shall be
positioned in the \spectrometer so that a signal-electron image of the straight-edge material will pppear close
to the middlevef the imaged area. The spectrometer shall be set and operated in accordapce with the
manyfacturer's instructions. The number of adjacent pixels in the image shall be chosen so thaf there are at
least|five pixels over an image distance corresponding to the lateral resolution expected for thg value of the
parameter x (an 5 R) to be used in the data analysis. The magnifina’rinn of the spectrometer ih its imaging
mode shall be chosen so that the distances from the edges of the image to the straight edge (as judged by the
position at which the signal is the average of the signals at the start and end positions) shall each be at least
three times larger than the lateral resolution expected for the selected value of the parameter x. The
magnification of the spectrometer shall be calibrated using a method provided by the manufacturer or other
relevant traceable method.

The image shall show three areas, one having a close-to-zero signal, one showing a fairly uniform signal, and
the third having a transition region between the other two, as indicated in the idealized image of Figure 3. The
proportion of the image displaying the transition region will depend on the magnification for the image and on
the lateral resolution. Depending on the orientation of the mounted specimen, the acquired image may be
rotated with respect to the image of Figure 3.
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Figure 3 — Appearance of an idealized image of a straight edge
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scan from the acquired image. The line scan shall.be in a direction perpendicular to that
and shall extend over as much of the image as;possible. In this case, the line scan is a
| intensity as a function of distance normal to the’straight edge. The line scans shall be geng
je in such a way that the values plotted on the ordinate scale are directly proportional

statistical scatter in the pixel intensities for the upper plateau (where the signal intensity
he data-acquisition time shall be stich that the relative standard deviation of the statistical s
ntensity is less than 2 % of the maximum signal in the upper plateau obtained from the line
e scan is measured, the positions of the start and end points or the value of the step size @

bf the
jraph
rated
the
and
is a
catter
5can.
0 not

fulfil the reqliirements specified earlier. in)this subclause, the measurement shall be repeated with mogified

start and end positions or a modified step size.

in a
band
g the

To reduce tihe statistical noise\in/the graphical line scan, the signals present in a number of pixelg
direction perpendicular to the~direction of the line scan can be added; this scan is often referred to as a
scan”. A barld scan can hé.regarded as being equivalent to a line scan for the purposes of determinin
lateral resoluti

The lateral resolution is obtained from the line scans plotted in 5.6. These line scans should resemble Figure 2
in which there is a lower plateau and an upper plateau; in each plateau region, the signal intensity should be
approximately constant (within expected statistical variations). The difference between the average signal
intensities for the upper and lower plateaux is 100 % of the signal change. The lateral resolution can be
obtained from the line scan by determining the distance along the scan direction corresponding to a change in
signal intensity from x % to (100 — x) %, as shown in Figure 2. The value of x may be chosen by the analyst to
satisfy the requirements of the measurement, a value recommended by the instrument manufacturer, or a
value recommended as being appropriate for AES (x = 20) [3] or for XPS (x = 12) [6. Common values of x are
25, 20, 16 and 12. These values of x may have significance as noted in the following subclauses. Alternatively,
the lateral resolution can be obtained from the FWHM of the line spread function, as described in 5.8.7.
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NOTE Signal intensities in the upper-plateau region of a line scan can vary with position if the primary beam is
incident on a contamination film of varying thickness or if the beam is incident on grains of different crystalline orientation.
If such variations are observed, clean the sample or select another region on the sample for the line scan.

5.8.2 Whenx=25

If x is 25, the derived lateral resolution corresponds to a 50 % signal change (25 % to 75 % of the total signal
intensity in the line scan). This choice is convenient because the measurement is only minimally affected by
the tails of the line scan that are mainly due to backscattered electrons in AES ['l. There is no physical
significance to this value of x.

5.8.3[ Whenx =20
If the,
this ri
resol
equa
area
respd

response of the spectrometer is uniform (100 %) within a circular region on the sample’and| zero outside
bgion (a “top hat” distribution), and if the incident beam is relatively broad, it can be:shown that the lateral
ition corresponding to x = 20 (20 % to 80 % of the total signal intensity in the liné.scan) is gpproximately
to the radius of the analysis area (more precisely, the lateral resolution isc0,984 of the fadius of that
[7]1. The same result is obtained if the incident beam has a top-hat distribution and the ppectrometer
nse is relatively broad.

5.8.4/ Whenx =16

If the
as a
show
scan
obtai

5.8.5

If the
relati

response of the spectrometer can be represented by a Gaussian function to describe meas
function of radial distance on the sample surface and the incident beam is relatively bro
n that the lateral resolution corresponding to x = 16 (16.%to 84 % of the total signal intens
corresponds to twice the value of the standard deviation in the Gaussian function [7]. The §
ned if the incident beam has a Gaussian distributionand the spectrometer response is relati

When x =12

response of the spectrometer can bg, represented by a Gaussian function and the inciq
ely broad, it can be shown that the:lateral resolution corresponding to x = 12 (12 % to 88

signgl intensity in the line scan) corresponds to the FWHM of the Gaussian function [’]. The s

obtai

5.8.6
The 5
ora

have

If the]
XPS

5.8.7

ned if the incident beam has a Gaussian distribution and the spectrometer response is relati

Choice of x

pectrometer response of actual AES and XPS instruments cannot generally be represented
Saussian distributionI'l. A particular value of x (as in 5.8.2, 5.8.3, 5.8.4 and 5.8.5) is therefo
physical significance for a practical instrument.

re is no eledr reason for preferring one value of x over another, choose x = 20 for AES [9]
6] Thewvalle of x shall be specified in a report of the lateral resolution measurement.

ired intensity
Ad, it can be
ty in the line
ame result is
ely broad.

ent beam is
o of the total
bme result is
ely broad.

by a top-hat
re unlikely to

or x =12 for

Line spread function

The line scan in Figure 2 can be differentiated to generate the line spread function. The FWHM of the line
spread function is an alternative measure of lateral resolution [l [4]. The advantage of this measure is two-fold.
First, the derived lateral resolution does not depend on an empirical choice of the parameter x. Secondly, this
FWHM is insensitive to the effects of backscattered electrons in AES [, The numerical methods used to
obtain the line spread function and the FWHM shall be specified in a report of the lateral-resolution
measurement.

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=e6be8c1272bf4e862f0c74529fe2a91c

ISO 18516:

2006(E)

6 Measurement of lateral resolution with the grid method

6.1

Introduction

The grid method can be used for the measurement of lateral resolution in AES and XPS instruments if the
lateral resolution is expected to be smaller than 1 ym but larger than 20 nm. This method is expected to be
most useful for scanning Auger microscopes, and the procedure is described for this application.

6.2 Selection of the grid specimen
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larly

arranged in two orthogonal directions. This type of specimen is suitable for the lateral-r€so
ts because specimens are readily available from commercial sources, there exist @\ran
the bars on the mesh have well-defined edges, the bars of the mesh can be positioned o
specimen holder and will show high contrast in both secondary-electron and ‘Auger-ele
the specimen has sufficient electrical conductivity. The widths or diameters of-the bars an
een the bars shall be at least ten times larger than the expected lateral resolution.

itable copper grid specimens are available from companies providing supplies for scanning el
One possible source is Agar Scientific Limited, 66a Cambridge Road, Stansted, Essex CM24 8DA
e number G2785C is a 1 500 mesh (equivalent to a pitch of about 16,9 pm)) This specimen can be ug
vide range of lateral resolutions. Other specimens with different pitches are available from Agar Sc
appropriate of these specimens for the expected lateral resolution should be selected. These mesh sa

ble with gold or silver coatings; if preferred, these coated mesh Specimens may be used in place
Ier mesh. Grids are also available from Structure Probe Inc., P.©:'Box 656, West Chester, PA 19381
Pella Inc., P.O. Box 492477, Redding, CA 96049-2477, USA.%)

ernatives to the copper grid specimen are the specimens MRS-3 and MRS-4 available from

bratory, 426e Boston St., Topsfield, MA 01983-1216;USA.2) These are magnification reference stan
e National Institute of Standards and Technology.inthe USA and to the National Physical Laboratory
ist of patterns of known dimensions that provide,contrast in AES, XPS, and secondary-electron image

king the grid specimen

ctrical contact can be established between the specimen and the spectrometer. The speg
e loaded into the spectrometer using the manufacturer's recommended procedure.

ing the grid specimen

If lateral resqdlution is to be-measured using the secondary-electron signal, it will not be necessary to cleg
grid specimgn. If the\Auger-electron signal is to be used for this measurement, sample cleaning w
required if there is.appreciable surface contamination (in which case the required data-acquisition time vy
very long). Sampletcleaning using the following procedure is recommended for this situation. The grid s4
should be washed in research grade alcohol and dried by passing dry argon over the surface. The reg

ution
ge of
ver a
ctron
d the

bctron
, UK.
ed for
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0656,

Geller
Hards,
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s and

cimen shall be mounted on the sample stage or manipulator of the AES instrument in such a way

imen

n the
ill be
ill be
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on of

the grid specimen where the AES or XPS measurements are o be made should be cleaned by ion efching
(e.g. by sputtering with noble gas ions having an energy of less than 3 keV). The ion dose should be sufficient
to reduce the intensities of any contaminant peak to less 2 % of the most intense metal peak in an AES or
XPS survey spectrum. Typically, an argon-ion dose of about 10 uA-min-cm~2 will be found to be sufficient. The
contaminants most commonly observed are oxygen and carbon.

2) These are examples of suitable products available commercially. This information is given for the convenience of
users of this International Standard and does not constitute an endorsement by ISO of these products.
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6.5 Operating the instrument

The AES instrument shall be operated in accordance with the manufacturer's documented

instructions.

Choose settings for the incident beam (beam energy and beam current). Choose spectrometer settings (e.g.
analyser operating mode, analyser pass energy or retarding ratio, apertures, lens settings, detector multiplier
settings) required for or appropriate to the needed determination of the lateral resolution. Ensure that the
count rates for the selected signal are within the linear operating range for the detector and associated

electronic systems [4l. Measure the magnification for the display, using a traceable standard, of
signal in accordance with the manufacturer's instructions.

6.6 Data collection

the selected

6.6.1| General requirements

The Ipteral resolution shall be determined from a line scan of measured secondary-electron or A
intensities. In each case, a line scan of signal-electron intensity versus distance iS~-made over
edge|of a selected bar on the grid.

6.6.2| Secondary-electron measurements

A se¢ondary-electron image shall be recorded in accordance with the manufacturer's instruction
shall [be collected such that the brightest areas do not saturate theydetector and the darkest @
somg signal. This condition is achieved using the gain and offset.controls. The image should be
accordance with the manufacturer's instructions using the focusing and alignment controls.

Selegt a bar on the grid for the line scan. The secondary-eléctron image shall have at least five
direction of the planned line scan normal to the edge) over the expected resolution of the selecte
selegted value of the parameter x (see 5.8).

Obta|n a line scan by measuring the signal intensity as a function of distance on the image. Figur
scheJ:watically the appearance of a line scan.over a grid bar. The plateau regions (see 5.7.1) s
|

distapce from the edge of the grid bar (as-judged by the position at which the signal is the a
signgls at the start and end regions) of at least three times the expected lateral resolution for
valug of x. If, after the line scan is measured, the positions of the start and end points or the valu

iger-electron
at least one

5. The image
reas contain
optimized in

pixels (in the
d bar for the

e 4 illustrates
hall extend a
erage of the
the selected
e of the step

size ¢lo not fulfil the specified requirements conditions, the measurement shall be repeated with modified start

and ¢nd positions or a modified-step size.

As an alternative to obtaining’the line scan from a secondary-electron image, the image can be u
the position and direction©f a directly acquired line scan. This method may be preferred if lon
timeq are required in{order to obtain a line scan with sufficiently small values of statistical noise.

Procg¢ed to 6.6-3(if it is desired to measure lateral resolution from an Auger-electron line sca
procged to 6.7

sed to define
g pixel dwell

n; otherwise,
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Figure 4 — Bchematic diagram-of a line scan (showing secondary-electron or Auger-electron intepsity
as a function of distance) over a grid bar or a gold island

6.6.3 Auger-electron-measurements

The seconddry-electron image from 6.6.2 is used to select a suitable position and direction for the line scan.
An Auger-electron line-scan experiment shall be set up using a suitable Auger transition; the copper |l ;VV
peak at approximately 919 eV for spectra measured in the direct mode and referred to the Fermi energy is
recommended for a copper grid [8l. The silver M4NN transition or the gold Ng,VV transition would be
appropriate if grids coated with Ag or Au were used (8], 7

Acquire an Auger-electron line scan in accordance with the manufacturer's instructions. The line scan may be
acquired by measuring either the peak and nearby background intensities at each point of the line scan or a
spectrum at each point of the line scan (from which the peak and nearby background intensities can be
obtained by subsequent data analysis). The data-acquisition time shall be such that the peak-to-peak
statistical variation of the signal near the centre of the grid bar is less than 5 % of the maximum signal. The
line scan shall be recorded with the start and end positions and the step size set as described in 6.6.2.

Plot an Auger-electron line scan showing Auger-electron intensity on the ordinate versus distance on the
abscissa. The Auger-electron intensity on the ordinate scale may be a difference between the measured peak
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and background intensities divided by the background signal, a peak area obtained from a direct spectrum, or
a peak-to-peak amplitude from a differential spectrum. If the background signal is used in the determination of
Auger signal, this signal should be measured at a kinetic energy of 30 eV larger than that of the peak. The line
scan should have an appearance similar to that shown in Figure 4.

6.7 Data analysis

The lateral resolution shall be measured from a line scan obtained from 6.6 in a manner analogous to that
described in 5.8 for the straight-edge specimen. As indicated in Figure 4, the secondary-electron or Auger-
electron signal varies from an average minimum value of 0 % to an average maximum value of 100 %. The
lateral resolution can be obtained from the line scan by determining the distance along the scan direction
correfponding 10 a change in signal intensity from x % to (100 — x) %, as shown in Figure 4._The value of x
may pe chosen by the analyst to satisfy the requirements of the measurement, may be a value‘r¢commended
by the instrument manufacturer, or may be the value x =20 recommended as appropriate for AES [5].
Commmon values of x are 25, 20, 16 and 12, as described in 5.8. If there is no clear reason for preferring one
valud of x over another, choose x = 20 for AES [5] or x = 12 for XPS [6l. The value ofx.shall be $pecified in a
report of the lateral-resolution measurement.

The line spread function can be obtained, if desired, by differentiating the line)scan shown in Kigure 4. The
FWHM of the line spread function, as described in 5.8.7, is an alternative measure of the laterpl resolution.
The pumerical methods used to obtain the line spread function and the FWWHM shall be specified|in a report of
the Idteral-resolution measurement.

7 Measurement of lateral resolution with the gold-island method

7.1 | Introduction

The gold-island method may be used for the measurement of lateral resolution in AES instryments if the
latergl resolution is expected to be smaller than 50 nm. This method is expected to be mqst useful for
scanhing Auger microscopes, and the procedure is described for this application.

7.2 | Selection of the gold-island specimen

The g$pecimen for this method consists of small gold islands dispersed on a carbon substrate.| This type of
specimen is suitable for the lateral-resolution measurements because specimens are readily alailable from
commercial sources, the gold islands exist in a range of sizes, the gold islands have well-defineq edges, gold
and g¢arbon are materialstthat show high contrast in both secondary-electron and Auger-electron|images, and
the specimen has sufficient electrical conductivity. The average diameters of the gold islands shall be at least
ten times larger thamthe expected lateral resolution.

NOTH Suitable gold-island on carbon specimens are available from companies providing supplieg for scanning
electrpn microscopes. One possible source is Agar Scientific Limited, 66a Cambridge Road, Stansted, Essgx CM24 8DA,
UK. Their catalogue number S168 has gold islands ranging in size from 5 nm to 150 nm. This specimen ijan be used for

measlringha’ wide range of lateral resolutions. Other specimens with different ranges of gold-island sizeg are available
from pAgar Scientific Ltd. that have gold islands with different size ranges; the most appropriate of these spgcimens for the
expected lateral resolution should be selected. Gold islands are also available from Structure Probe Inc., P.O. Box 656,
West Chester, PA 19381-0656, USA, and from Ted Pella Inc., P.O. Box 492477, Redding, CA 96049-2477, USA3

7.3 Mounting the gold-island specimen

The gold-island specimen shall be mounted on the sample stage or manipulator of the AES instrument in such
a way that good electrical contact can be established between the specimen and the spectrometer. The
specimen should then be loaded into the spectrometer using the manufacturer's recommended procedure.

3) These are examples of suitable products available commercially. This information is given for the convenience of
users of this International Standard and does not constitute an endorsement by ISO of these products.
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7.4 Cleaning the gold-island specimen

If lateral resolution is to be measured using the secondary-electron signal, sample cleaning will be
unnecessary. If the Auger-electron signal is to be used for this measurement, sample cleaning may be
required.

If the gold-island specimen has appreciable surface contamination, the required data-acquisition time will
become very long. Sample cleaning using the following procedure is recommended for this situation. The
region of the gold-island specimen where the AES measurements are to be made should be cleaned by ion
etching (e.g. by sputtering with argon ions having an energy of less than 1 keV). The ion dose should be
sufficient to reduce the mtensmes of any contamlnant peak to Iess than 2 % of the most intense metal peak in
an AES suryey—s Ll a—gotd—istand—TFypica —argon=ion—do about
10 pA-min-cr—2 WI|| be found to be sufficient. The contamlnants most commonly observed are oxyge and
carbon.

7.5 Opergting the instrument

The AES ingtrument shall be operated in accordance with the manufacturer's documented instrucfions.
Choose settings for the incident beam (beam energy and beam current). Choose spectrometer settings (e.g.
rating mode, analyser pass energy or retarding ratio, apertures, lens‘settings, detector multiplier
settings) required for or appropriate to the needed determination of the spatial resolution. Ensure that the
count rates for the selected signal are within the linear operating range €or the detector and assogiated
electronic syptems [4l. Measure the magnification for the display, using a-fraceable standard, of the selpcted
signal in accprdance with the manufacturer's instructions.

7.6 Data ¢ollection

7.6.1 Gengral requirements

The lateral r¢solution shall be determined from a line s€an of measured secondary-electron or Auger-elgctron

intensities. In each case, a line scan of signal-eleciron intensity versus distance is made over at least one
edge of a selected gold island.

7.6.2 Seconhdary-electron measurements

7.6.21 Re¢cording a secondary-electron image

A secondarytelectron image shall-be recorded in accordance with the manufacturer's instructions. The immage
shall be coll¢cted such that-the’ brightest areas do not saturate the detector and the darkest areas cqntain
some signal.| This conditiafn.is’achieved using the gain and offset controls. The image should be optimized in
the normal wlay using thé focusing and alignment controls.

7.6.2.2 Sélection-of a gold island

Select a gold-isiand for the line scan.The dimensions of this island shall be at least ten times larger than the
expected lateral resolution and separated from other islands by at least five times the expected lateral
resolution; if the line scan is made over a smaller island or with one having a second island too close to the
selected island, the lateral resolution will be underestimated. The step size for the line scan shall be at least
five times smaller than the expected lateral resolution for the selected value of the parameter x (see 5.8).

7.6.2.3 Collecting a line scan from an image

Obtain a line scan by measuring the signal intensity as a function of distance on the image. The line scan shall
include at least two gold/carbon edges. Figure 4 is also a schematic illustration of the appearance of a line
scan over a single island. The line scan shall have at least five pixels (in the direction of the planned line scan
normal to the island edge) over the expected resolution of the island for the selected value of the parameter x
(see 5.8). The plateau regions (see 5.7.1) shall extend a distance from the edge of the island (as judged by
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the position at which the signal is the average of the signals at the start and end regions) of at least three
times the expected lateral resolution for the selected value of x. If, after the line scan is measured, the
positions of the start and end points or the value of the step size do not fulfil the specified requirements
conditions, the measurement shall be repeated with modified start and end positions or a modified step size.

If the measurements of lateral resolution from the two gold/carbon edges differ, then the larger of the two
numbers obtained shall be used in a report of the lateral resolution.

7.6.2.4 Direct collection of a line scan

As an alternative to obtaining the line scan from a secondary-electron image, the image may be used to define

the

7.6.2}3. This method may be preferred if long pixel dwell times are required in order to obtaina-
suffigiently small values of statistical noise.

Proc
proce

7.6.3

7.6.3

The

An A
at ap
may
meas
trans
using
laterd

the gnalyst may choose either transition and ‘shall report the transition used. If the lateral res

Sition and direction or a directly acquired line scan. Ihe line scan shall be measured as

ed to 7.6.3 if it is desired to measure lateral resolution from an Auger-electron-line sca
edto 7.7.

Auger-electron measurements

1  Selection of the Auger transition

Liger-electron line-scan experiment shall be set up using a.suitable Auger transition; the Au
proximately 71 eV for spectra measured in the direct mode and referred to the Fermi energ

ured in the same way [8l. Figure C.2 shows a comparison of line scans acquired using each
tions. This example indicates that there is no_significant difference in the lateral resoluti
these transitions. A measurement using both’ transitions should be made to determine
| resolution depends on electron energy. If; as in the example of Figure C.2, there is no su

described in
ne scan with

n; otherwise,

becondary-electron image from 7.6.2 is used to select a suitablé position and direction for the line scan.

Ng 7VV peak
y is one that

be selected[®l. An alternative transition is the AUZMsNg;Ng; transition at approximafely 2016 eV

of these two
bn measured
whether the
ch influence,
olution does

depepd significantly on electron energy,..measurements for both Auger transitions shall be nfade and the
resulfs reported.

7.6.3]2 Collection of the Augerline scan

Acqujre an Auger-electron line.scan in accordance with the manufacturer's instructions. The line scan may be

acqu

red by measuring either'the peak and the nearby background intensities at each point of the

line scan or

a spgctrum at each pgint of the line scan (from which the peak and nearby background intensities can be
obtaiped by subsequent data analysis). The data-acquisition time shall be such that the peak-to-peak
statistical variationof the signal near the centre of the gold island is less than 5 % of the maximum signal. If
imagge tracking~and registration software is available, this can be used according to the mpnufacturer's
instryctions provided that it is also used in the measurements for which the lateral resolution, derived in this
way, fis quoted.

Plot , y—o ate—versy ance on the
abscissa. The Auger-electron intensity on the ordinate scale can be a difference between the measured peak
and the background intensities divided by the background signal, a peak area obtained from a direct spectrum,
or a peak-to-peak amplitude from a differential spectrum. If a background intensity is used in the determination
of Auger-electron intensity, the background intensity should be measured at a kinetic energy of 30 eV larger
than that of the Auger-electron peak. The line scan shall have at least five pixels (in the direction of the
planned line scan normal to the island edge) over the expected resolution of the island for the selected value
of the parameter x (see 5.8). The plateau regions (see 5.7.1) shall extend a distance from the edge of the
island (as judged by the position at which the signal is the average of the signals at the start and end regions)
of at least three times the expected lateral resolution for the selected value of x. If, after the line scan is
measured, the positions of the start and end points or the value of the step size do not fulfil the specified
requirements conditions, the measurement shall be repeated with modified start and end positions or a
modified step size. The line scan should have the appearance of that shown in Figure 4.
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7.6.3.3 Lateral drift

Significant lateral drift may occur in the instrument during the measurement. That is, the specimen stage may
move with respect to the position of the electron beam on the specimen, and the measured line profiles will be
distorted compared to those that would be measured in the absence of drift. Drift rates can be conveniently
determined from repeated measurements of secondary-electron images (see 7.6.2) or of Auger-electron line
scans. Reports of measurements of lateral resolution shall include a statement of either of the measured drift
rate or of the magnitude of the lateral drift that was observed during a time interval similar to that required for
measurement of the Auger-electron line scan.

If the lateral drlft is Iarger than a stated amount (e g 10 %) of the expected lateral resolutlon (e.g. from the
i1 the

Itlple
measures of lateral resolution. The average lateral resolution may then be reported together with the
correspondirlg standard deviation or a statement indicating the range of lateral resolutions obtained. Repgated
line-scan mgasurements will be necessary if there is no prior knowledge of the expected lateral resolution. If
the drift canfot be reduced to a satisfactory level, the derived lateral resolution will depenrd on the driff rate
and the time|required for the line-scan measurement.

7.7 Data analysis

The lateral r¢solution shall be measured from the line scan obtained from‘7)5 in a manner analogous tp that
described in[5.8 for the straight-edge specimen. As indicated in Figure'4, the secondary-electron or Auger-
electron signal varies from an average minimum value of 0 % to an.average maximum value of 100 %} The
lateral resolytion can be obtained from the line scan by determining the distance along the scan dirgction
corresponding to a change in signal intensity from x % to (100:<%) %, as shown in Figure 4. The valu¢ of x
may be chosgen by the analyst to satisfy the requirements of the measurement, may be a value recommegnded
by the instriment manufacturer, or may be the value.x=20 recommended as appropriate for AES [5].
Common values of x are 25, 20, 16 and 12, as described in Section 5.8. If there is no clear reasgn for
preferring one value of x over another, choose x = 20.for AES [8]. The value of x shall be specified in a feport
of the lateral [resolution measurement.

The line sprg¢ad function can be obtained, if desired, by differentiating the line scan shown in Figure 4] The
FWHM of the line spread function, as desé¢ribed in 5.8.7, is an alternative measure of the lateral resolltion.
The numerichl methods used to obtain the line spread function and the FWHM shall be specified in a regort of
the lateral regolution measurement.
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Annex A
(informative)

Determination of lateral resolution of an XPS instrument
with a focused X-ray spot

A.1 Cotltection of XPS tine-scamdata

This JAnnex provides an example of a measurement of lateral resolution from an XPS Jline) scqn of a silver
straight edge acquired with commercially available XPS instrument providing a focused”X-ray| spot on the
samgle (see 5.7.1). In this example, the lateral resolution is determined by the size“of the X-ray spot. The
silven straight edge was stepped through the X-ray beam, and the distance between successive
meagurements was 40 ym. The Ag 3d region of the XPS spectrum was collected'at each point in|the line scan
and, ffollowing subtraction of a suitable background, the areas of the Ag 3dgj, Jand the Ag 3d;,4 peaks were
meagured and summed at each position of the line scan. A plot was then miade of sum of the Ag peak areas
versus the position of the straight edge, as shown in Figure A.1.
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Figure A.1 — XPS line scan showing total silver 3d peak intensity versus position
of a silver straight edge

A.2 Determination of lateral resolution

The mean intensity of the upper plateau in Figure A.1 was determined. Horizontal lines were drawn on the plot
of Figure A.1 corresponding to 12 % and 88 % of the mean upper-plateau intensity (i.e. for x =12). The
positions of the sample when the signal intensity was equal to these values were determined (vertical lines in
Figure A.1) and the distance between these positions was calculated. In the example of Figure A.1, the lateral
resolution was found to be 270 pm with x = 12.
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A.3 Further information

The lateral resolution for the example data in Figure A.1 may be determined for other values of x using an

analogous procedure to that given in A.2 for x = 12 %. The resulting values of lateral resolution are shown in
Table A1.

Table A.1 — Values of lateral resolution determined from the data
in Figure A.1 for different values of x

x Lateral resolution
Yo Y
12 270
16 237
20 204
25 171
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Annex B
(informative)

Determination of lateral resolution from a secondary-electron line scan

B.1 Collection of secondary-electron line scan

This [Annex provides an illustration of a measurement of lateral resolution from a secenflary-electron
micrggraph acquired with a commercially available Auger electron spectrometer and a_gald-igland sample
(see [7.6.2). The electron beam was stepped across a selected gold island. The distance 'between successive
meagurements was about 0,63 nm. The secondary-electron signal was collected at eachpoint in|the line scan.
A plot was then made of the secondary-electron intensity as a function of the positiomof the elecfron beam on
the sample, as shown in Figure B.1. In this example, the energy of the primary. beam was 20(keV and the
beam current was 1,3 nA.
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Figure B.1 — Secondary-electron signal as a function of position of the electron beam on the sample
as the beam was scanned over a gold island
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