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The certified reference material BAM-L200 is a nanoscale stripe pattern for length calibration and speci-
fication of lateral resolution with stripe widths ranging down to 1 nm. BAM-L200 is prepared from a
cross-sectioned epitaxially grown layer stack of AlyGai-xAs and InxGaixAs on a GaAs substrate. Calibra-
tion distances, grating periods and stripe widths have been certified by Transmission Electron Microscopy
(TEM) with traceability to the length unit. The combination of gratings, isolated narrow stripes and sharp
edges of wide stripes offers a plenty of options for the determination of lateral resolution, sharpness and
calibration of length scale at selected settings of imaging surface analytical instruments. BAM-L200 will
fully support the implementation of the revised International Standard 1SO 18516 which is based on
knowledge outlined in the Technical Report ISO/TR 19319:2013. Additionally, the determination of the
Field of View (FoV) in the small area modes of X-ray Photoelectron Spectroscopy (XPS) is addressed, too.
A test sample is introduced for a measurement of the intensity contribution from outside the nominal Field

of View (FoV).

1. State of the art

The previous state of the art of testing the performance
of imaging instruments, e.g., Secondary lon Mass Spec-
trometry (SIMS), X-ray Photoelectron Spectroscopy
(XPS), Auger Electron Spectroscopy (AES) is described
in 1SO 18516:2006 [1]. In this standard the grid method,
the straight-edge method (also known as knife edge
method) and the gold-island method are described. All
these methods rely on a line scan (which can be also de-
rived from an image of a straight edge, grid mesh or gold
islands) across the boundary between to materials A and
B from which different Dx.(100x) parameters are calculated
as is it is shown in Fig. 1. The Dx.(100x) parameters are
customarily used to express the lateral resolution. Note
that one of the materials A or B can be vacuum. The
gold-island method can be also exercised as a line scan
over a “small dot”, the island, from which the FWHM is
taken as measure of lateral resolution.
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2. Problems of the straight edge method

There are some problems with the straight edge meth-
od. The first is that for the determination of the Dy-(100-x)
parameter different x values are in use. Larger x values
result in a virtually better (i.e. smaller) Dy.100-x) parameter.
Topography effects related to sharp edges, bars of grids
with um scaled curvatures, real shape of nm scaled gold
islands on graphite, etc., may result in edge effects,
which will have impact on the resulting Dy.(100-x) parame-
ters, specifically at nm lateral resolution. Edge effects
were discussed in the literature based on Monte Carlo
simulation or for submicron particle analysis by the Au-
ger microprobe [2, 3]. Another issue is that a systematic
underestimation of Dy.ci00x OcCcurs when the plateau
length Ly left and right to the (chemical) edge is too
short (cf. Fig.2). This can happen when, e.g. nm, scaled
gold islands are used for specification of lateral resolu-
tion at the nm scale. For AES an impact of backscattering
has to be considered, too.
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Fig. 1. (color online) Line scan over a straight edge between material A and B, which is representing the Edge Spread Function
(ESF). The distance between intensity levels of e.g.12 % and 88 % of the maximum of a signal characteristic for material A or B is

Dx-(100-x) With x = 12 (16 or 20).

3. Classical definitions and criteria for lateral resolu-

tion of imaging instruments

Nowadays the performance of imaging SIMS, AES
and XPS instruments is substantially improved and ap-
proaching the sub pum scale down to less than 10 nm. So
it might become questionable whether the straight edge
method with the Dy.(100-x) parameter is still appropriate for
all relevant cases. Furthermore, it makes sense to con-
sider whether the definition of lateral resolution in sur-
face analysis should not be aligned with definitions used
in other, much older communities using imaging instru-
mentation, too. A classical approach had been introduced
by E. Abbe in 1873 when he proposed to use this defini-
tion: Lateral resolution of an imaging instrument is the
capability for resolution or distinction of microscopic
details [5]. Later Lord Rayleigh (1879) defined lateral
resolution as follows: Two point sources are just resolved
if the central maximum of the intensity diffraction pat-

tern produced by one point source coincides with the first
zero of the intensity diffraction pattern produced by the
other and defined a resolution criterion. This criterion is
the decrease of intensity (dip D) by > 19 % between the
two maxima. C. M. Sparrow proposed a change of the
resolution criterion to D > 0 in 1916.

4. Definitions of lateral resolution in imaging analysis

by other ISO TCs

Other ISO Technical Committees with activity in the
field of imaging analysis developed definitions for lateral
resolution, too. ISO/TC 202 Microbeam Analysis defines
image resolution to be the minimum spacing at which
two features of the image can be recognised as distinct
and separate [6].

ISO/TC 213 Dimensional and geometrical product
specifications and verification defines the “lateral resolu-
tion R, as the smallest separation distance between two
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Fig.2. (color online) Simulation of Di2.gs for two plateau lengths Lol um and 4 um and Edge Spread Functions (ESF) which were
obtained by convolution of a step transition with a Lorentzian Line Spread Function (LSF) and a FWHM wisr = 100 nm. In compar-
ison to the true value of Diz-ss (which is known because it was used for the simulation and representing the case that Lpi is infinite)
the graphically determined value of Di2-ss is substantially underestimated when Lpiis with 1 um rather short. For Lpi= 4 um the un-
derestimation becomes less than 10%. Ref. [4] delivers a table with recommended Lpivalues for specific beam profile parameters

(Gaussian and Lorentzian types) for the probe.
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Fig. 3. (color online) Layout and design of the certified reference material BAM L200 for imaging AES and SIMS instruments [8].

features which can be detected” [7].
Both definitions are clearly in line with the classic
ones mentioned above in Paragraph 3.

5. How we can implement the classical definition to
imaging surface chemical analysis?

A definition of lateral resolution in imaging SIMS,
AES or XPS surface chemical analysis which is in line
with classical ones is: Lateral resolution is the minimum
spacing at which two features of the image can be recog-
nized as distinct and separate. To implement this defini-
tion some issues have to be addressed:

How to measure it? The answer is to use a test pattern,
which delivers graded grating periods as it had been
proposed by E. Abbe more than 100 years ago [5]. The
test pattern should consist of a set of graded square-wave
gratings with low topography. Gratings at low nm di-
mensions are required for imaging AES and SIMS in-
struments and on the several 10 um down to high sub pum
scale for imaging XPS laboratory instruments.

What about a resolution criterion? A resolved grating
should be characterized by a decrease of intensity, i.e. a
dip D, between the two imaged grating bars expressed as
dip-to-noise ratio D/sngr > 4. For more details see ISO TR
19313-2013 [4].

The final question is whether we have such test sample
required to implement the definition above. For imaging

AES and SIMS instruments, the certified reference mate-
rial BAM L200 (cf. Fig. 3 and ref. [8]) is available in the
Web Shop of BAM at www.bam.de. For XPS there are
activities at the ETH Zirich (Switzerland) [9] and the
German National Metrology Institute, PTB [10], to de-
velop graded gratings having low topography Au bars
embedded in another metal.

Most of the calibration distances, grating periods and
stripe widths of BAM L200 have been certified by TEM
with traceability to the length unit. The magnification of
TEM was calibrated by means of the certified magnifica-
tion calibration sample (MAG*I1*KAL, Norrox Scientific,
Canada) which itself is calibrated with respect to the
(111) lattice spacing of silicon.

Fig. 4 displays the application of BAM L200 for a de-
termination of the lateral resolution of a ToF SIMS in-
strument. An image of graded gratings has been taken
using Al* secondary ions. In the simplest approach, visu-
al inspection of this image reveals that the lateral resolu-
tion must be a little bit better than 31 nm because this is
the smallest period of the grating which is clearly re-
solved. Following a more sophisticated approach out-
lined in ref. [4] one may calculate a lateral resolution of
27.2 nm by interpolation. Principally, as outlined in Ref.
[4] the lateral resolution could be also expressed by the
FWHM of the line spread function wise determined by
imaging a narrow line. Fig. 4 shows a result when a
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Fig.4. (color online) Al* secondary image of a part of the
BAM L200 pattern made of AlGaAs gratings in GaAS. A line
scan is prepared from the image data. Gratings with periods
from 76.5 nm down to 31 nm are resolved. A 14.2 nm wide
AlGaAs stripe was imaged and its FWHM determined, too.

Al* map

stripe of a width of 14.2 nm is imaged. However, the
Wise 28.2 nm measured in this case is somewhat overes-
timated because stripe width is a bid too large to be a
“narrow line”. Fig. 15 of Ref. [4] reveals that for a pure
Gaussian LSF the wise would be overestimated by ~6%

and for a pure Lorentzian wise by ~12% in the given case.

Therefore, for the example presented in Fig. 4 the best
estimate for the lateral resolution should be 27 nm as
determined by using the image of graded gratings and the
interpolation method introduced in Ref. [4].

6. Approach and test sample for a determination of
the intensity contribution from outside the nominal
Field of View of an XPS instrument

Lateral Resolution of Imaging Surface-Analytical Instruments as SIMS, AES and XPS: ...

When running an XPS instrument in the small area
mode the question arises what an intensity contribution
originates from outside the nominal Field of View (FoV)
typically specified by the manufacturer measuring the
FWHM of the X-ray beam. However, due to the wings of
the intensity distribution of the X-ray beam and the in-
strument’s area of acceptance of photoelectrons at the
sample there is an intensity contribution from outside
this nominal area, which will have impact on a quantita-
tive analysis. For instance, this problem occurs when an
analysis of um scaled solder pads on electronic circuits
by quantitative small area/small spot XPS is the task.
The impact of signal contributions from outside the pad
area has to be minimized by using the right (real) spot
size. For a Quantum 2000 X-ray microprobe Scheithauer
[11] used Pt apertures with diameters in the range ~30 to
~600 um to measure the intensity contribution from out-
side the nominal beam diameter. This contribution
reaches 50% for a nominal analysis spot of 15.8 nm and
an aperture diameter of ~30 pm.

In the SurfChem project the German National Me-
trology Institute, PTB, developed a prototype test sample
for the determination of the FoV in the small area mode
of XPS [10]. This sample delivers a sufficient number of
Cr dots and squares on gold in a range of 5 to 200um
diameter and edge length, respectively, on one and the
same sample. This design avoids the necessity to have a
number of different Pt apertures at hand. Fig. 5 displays
a typical result obtained with an XPS instrument in the

“small spot” mode. The message of the graph in Fig. 5 is
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Fig. 5. (color online) Test of PTB’s prototype test sample using an AXIS Ultra DLD instrument with a 200 um Cr circle on an Au
substrate and nominal FoVs of 15 to 110 um [10]. On the left an Au 4f XPS image for a 200 pum circle showing the shadow of the Cr
dot and an Au & Cr image overlay of a 200 um Cr square are shown. Note that the scales are different for both images. The scale bar

for the circle is 165 pm and that for the square 100 um long.
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that, for example, using a nominal FoV size of 55 um
positioned in the center of a 200 pm Cr spot more than
10% of the measured intensity originates from outside
the nominal FoV but for a FoV adjusted to 25 pum all the
acquired photoelectrons originate from inside the 200
pm Cr spot.

7. Standardization activities under 1SO/TC 201 Sur-

face Chemical Analysis

Comprehensive scientific basics on how to determine
lateral resolution for in imaging SIMS, XPS and AES
instruments are outlined in ISO/TR 19319:2013. Based
thereon a revision ISO 18516 is in preparation by 1SO
TC/201/SC 2 (recently on DIS stage) which will address
straight edge, narrow line and graded gratings based ap-
proaches. The new 1SO 18516 will expand its scope
down to the deep nm scale which is not addressed so far.

The determination and control of the field of view in
the small area analysis mode of quantitative XPS is a
topic of the VAMAS TWA?2 project A22 lead by ETH
Zurich and BAM on request of 1SO/TC 201/SC 7 ,,Elec-
tron spectroscopies®. Based on the results of this
VAMAS study the development of a NWIP is expected
be launched within the next two years.
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Discussions and Q&A with Reviewers

Reviewer #1 Mineharu Suzuki (National Institute for
Material Science)

Advantages of the CRM BAM-L200 are introduced
with informative descriptions to use practically. This
article should be accepted on JSA to realize an evaluation
of surface analysis lateral resolutions.

[Q1_1]

The notation of the parameter Dx-1x) seems to be
confusing. If the unit of x value is percentile, it may be
Dx-(100-x). If X is zero or positive number less than 1, it is
expressed by Do.2-0.8, for instance.

[AL1_1]
We corrected that type by always using Dx-(100-x).

[Q1_2]
| recommend the authors for readers to describe how
to get (or purchase) the BAM-L200 in this article for

readers’ convenience.

[Al1_2]

Done.

The certified reference material BAM L200 (cf. Fig. 3
and ref. [8]) is available in the Web Shop of BAM at
www.bam.de.

Reviewer #2 Akira Kurokawa (National Institute of
Advanced Industrial Science and technology)

This paper reports on the lateral resolutions of the sur-
face analysis methods, such as SIMS, AES and XPS,
with use of a reference material and 1SO standards,
which will give the beneficial information to the surface
analysis users.

Therefore, | think it is worth to be published from
JSA.

[Q2_1]

Line 4 in Abstract, “Calibration distances, grating pe-
riods and stripe widths have been certified by TEM with
traceability to the length unit.”

TEM calibration procedure does not appear in context,

however, the way how TEM measurements assured the
Sl traceability of the reference material is important in-
formation. Please describe it briefly in body text.

[A2_1]
Details on the calibration procedure are given in a new
small paragraph.

[Q2_2]

Section 2, Line 9, “Effects of field distortions were
discussed in the literature....the Auger microprobe.”

Is the term of Field Distortion appropriate?

The electric extraction-field near the sample surface
does not exist for AES but for SEM.

Ref. 2 uses the term of Edge Effect that reduces the
AES spatial resolution.

[A2_2]
We replaced “field distortion” by “edge effect”.

[Q2_3]

The definition of the true value Diy.gg is not clearly

described. s it the simulated value supposing that the
Ly is infinite?
[A2_3]

The text has been revised accordingly and will be clear
now in terms of definition of true value, simulation and
infinite Ly

[Q2_4]

Section 5, “Fig.4 shows two lateral resolutions. One is
27.2 nm derived by using narrow stripes, and the other
was 28.2 nm by a narrow line.”

With these two values how do we define the final res-
olution?

In practical analysis which one is preferable to evalu-
ate a lateral resolution?

[A2_4]
The text has been fully revised to be clear: Lateral res-
olution should be measured exploiting the gratings.
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