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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standa @u es (ISO
member bodies) The work of preparlng Internatlonal Standards is normally carrle t throug O technical

ISO 24597 was prepared by Technical Committee ISO/TC 202/SC 4, Microbeam analysis, Scanning electron
microscopy.
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Introduction

(CG) method given in 6.4.

ISO takes no position concerning the evidence, validity and scope of this patent right.

Patent holder: Hitachi, Ltd.

Address: Marunouchi Center Bldg., 6-1, Marunouchi 1-chome, C u, Tokyo, 100-8220, Japan
Attention is drawn to the possibility that some of the elements of th
rights other than those identified above. ISO shall not be held responsibl
rights.

tmay be the subject of patent
e for/igentifying any or all such patent
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Microbeam analysis — Scanning electron microscopy
Methods for the evaluation of image sharpness

1 Scope

This International Standard specifies the methods to evaluate the i
by a scanning electron microscope (SEM) by applying Fourier tr
method and derivative (DR) method.

sharpness-of-digitized images generated
FT) method, contrast-to-gradient (CG)

2 Normative references

they text (herein, constitute provisions of this International
nts-to'them, or revision of any of these publications do not

The following normative documents referenced in
Standard. For dated references, subsequent ‘ameridn

the latest edition of the narmative documentyeferred to:applies."Membersiof 1SO7and IEC maintain registers of
currently valid International Standards.

ISO 16700 :2004, Guideline for calibratij
ISO 17025 :1999, General requirements for

mpetence of testing and calibration laboratories.

ISO / FDIS 22493 : SEM Terminology.

3 Terms, definitions and abbreviated terms

Additional definitions and‘@bbreviations required for this standard are listed below.

3.1
pixel
smallest non-divisibie

age-forming unit on a digitized SEM image

3.2
pixel size
specimen length (nm) per pixel in an SEM image

NOTE Horizontal and vertical pixel sizes should be same.
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3.3
binary SEM image
a converted SEM image in which there are only two brightness levels

3.4
convoluted image
an image obtained by convolution of a binary SEM image with a two-dimensional Gaussian pro

3.5
sharpness factor
twofold standard deviation (20) of Gaussian profile used to make the convoluted imag

3.6

image sharpness
20/\2, namely, the sharpness factor divided by the square root 2, where the/sh
regarded as same as that of the convoluted image by Gaussian profile with sta

3.7

contrast-to-noise ratio (CNR)
ratio of I, — Iz to g, where I, and Iz are image intensities for the obj
deviation of image noise

the background, and g, is the standard

3.8

Fourier transform method (FT method)
method for evaluating the image sharpness by comparing Fourier transform profiles of an SEM image with those of
the convoluted images

3.9

contrast-to-gradient method (CG method)

method for evaluating the image sharpness usi ightéd harmonic’ mean gradients of the two-dimensional
brightness distribution map of an SEM image

3.10

derivative method (DR method)
method for evaluating the image sharpn
particles in an SEM image

error function profiles to gradient directional edge profiles of

3.11
field of view

area of a specimen that corresponds to the whole SEM image

4 Steps for acquisition of image

4.1 General

important to first adjust the microscope conditions (for example, see Annex B in

At the date of publication of this document there is no designated Certified Reference Material (CRM). Acceptable
results can be obtained using a specimen prepared by the method described in Annex G. Select a specimen with a
smooth and flat surface. For evaluations of the image sharpness, choose a part of the specimen which contains
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circular particles deposited on the substrate. Obtain desirable images at the chosen magnification, in accordance
with 4.4,

NOTE Sensitive material for electron dose is not suitable as a specimen for the evaluation of i

4.3 Specimen tilt
Set the specimen tilt angle at 0 degree (non-tilting condition).
NOTE Error within +/- 3 degrees in tilt angle of the specimen will not affect the evalue

4.4 Selection of the field of view

where Lroy (R
covering to the

ows the horizontal size of the field of view on an SEM image, and N, is the number of pixels
arizontal field of view.

4.5.2 Determination of the pixel size from a scale marker

The pixel size L, (nm) is calculated by using a scale marker as follows:
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L — Lscule
p N ?

scale

where L is the “indicator” value (e.g. nominal value in nm) of the scale marker and N iS ber of pixels

covering to the length of the scale marker.

W,

image sharpness R,

4.5.3 Conversion of the pixel size

The image sharpness as derived by the methods described herein (Rpy) is in “pixel”
in “nm” unit is then converted by the expression:

R, =L, Ry,

where L, is the pixel size.

NOTE Set pixel size about 40% of the expected value of the image sharpnes 0 mple, set the pixel size 0,8
nm when the image sharpness is expected to be 2 nm.

4.6 Brightness and contrast of the image

The signal intensity of the image should be widely distributed. Figure 2
images with acceptable and unacceptable brightness and contrast. Line pr
vertical position for their images are shown as eye guideline.

, (c) and (d) show examples of
along the dotted lines at the same

=
X~
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of the image must be 10 or larger. Here, the CNR is defined as a ratio of the image
dard deviation (o,) of the image noise (see Figure 3).

acquisition time. One should be aware of the fact that variations in the above parameters will affect the evaluation
results of image sharpness.
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Cimage

(a) CNR=5 (by CNR =190 1 (c) CNR = 50
Figure 4 — Simulated imag

stito-noise ratio (CNR~4) (b) High contrast-to-noise ratio (CNR = 30)

Figure 5 — SEM images with different contrast-to-noise ratios (CNR)
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4.8 Focus and astigmatism of the image

Focus the electron beam as best as possible. Use an image that is free of astigmatism.

4.9 Interference from external factors

External factors such as mechanical vibrations, distortion by magnetic field and those listed in
16700 affect the image sharpness. Ensure, as far as possible, that images used are not affected by

4.10 Erroneous contrast

NOTE Do not use the data obtained from a printed SEM image.

5 Acquisition of an SEM image, and selection of an area in the image

The procedures described in this sectionsare common inthis standard (see 6).

a) Use a specimen prepared according t6 the procedutesdescribedin 4.2) Acquire an image by paying attention to

conditions in 4.3 to 4.10.

b) Select a square area in the SEM image (hereafter referred~to"as the image) comprising at least 256 x 256 pixels.
The area shall not have'superimposed 'extraneous 'data (e.g."'magnification-display, scale marker, characters,
arrows, etc.).

NOTE Choose an area containing in referably non-overlapping particles.

c) Store the selected SEM image in a data filexin an_un-compressed graphics file format specified in 4.11.

6 Evaluation methods

6.1 General

6 shows a general
the CNR.

b) Determine th
proceeding

R for the selected SEM image (see 6.2) and ensure that it is larger than or equal to 10 before
r.

c) Calculate a sharpness factor 20 of the selected SEM image, in the frequency space or the real space
(depending on methods applied). Here, the image sharpness of an SEM image is determined from an
equivalent image produced by convolution of a binary SEM image with a two-dimensional Gaussian profile with
the sharpness factor 20 (i.e., a twofold standard deviation).

7
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NOTE The calculation procedures depend on the method.

d) The image sharpness is defined as k-20, where k = 1/\5 )

[P /SNy ——
~~

¢ ~=""" Load an SEM image

=<
~<
~

Evaluate the CNR value ¢ /\
¢ a) Calculation of the &@Qvalij

Execute
the FT method, or
the CG method, or
the DR method

End

Figure 6 — General flow chart of/the igure 7(== Flow chart of the evaluation of CNR
evaluation of an SEM image

6.2 Contrast-to-noise ratio (CNR)

by the convolution of the binarized SEM image via Gaussian profiles with
igures 8 and 9). Details of procedures for the FT method are given in Annex B.

NOTE 2 ing explanation is applied to the image with L = 256 pixels.
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Figure 8 — (a) a selected SEM image /o(i,j) with Figure 9 Averaged and-smoothed FT curves
image size L = 256, (b) the binarized image taking logarithm, Fou(f) for the
Is(ij), (c) and (d) the convoluted images selecte lo(ij), Fenl(f;20) and
Ic(ij;20) with 20 = 4 pixels, and Ic(i,f;20) with Fen(f;2004) fortl voluted images Ic(i,j;20)
20 = 6 pixels, respectively and I¢(i,f;2o0n)

a) Generation of convoluted images

1) Generate a filtered image /o£(i,j) procéssed by the:3x3 median filter; for a selected SEM image /o(i,)).

2) Produce a histogram H(S) of Io&(i,j), and a smoothed histogram Hs(S) by using the moving

averages of 9 points. Then calculate hg(S) = Iogm{HS(S) F

3) Determine S; and Sy that correspon the intensities‘of the’ substrate and the particles respectively, and

determine a threshold level (S, + Sy
4) Produce a binarized image /5(i,j) by us

5) Add the white noise to the selected image /o(j;
signal intensity S = 192.

NOTE Re [...] denotes the real part, and |...| denotes the absolute value.

3) Obtain the averaged curves of F,, (fj) and F,,(f,)by applying the moving averages of 5 points along the
horizontal f;and the vertical f; directions for the curves Fopa(f) and Foya(f), respectively.
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