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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 wark SO collabarates closely wit
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Introduction

The scanning electron microscope is widely used to investigate the surface structure of a range of important
materials such as semiconductors, metals, polymers, glass, food and biological materials and this
International Standard is relevant to the need for magnification calibration of the images. It describes the
requirements for calibration of the image magnification in the scanning electron microscope using a reference
material or a certified reference material

© 1SO 2004 - All rights reserved \
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INTERNATIONAL STANDARD

ISO 16700:2004(E)

Microbeam analysis — Scanning electron microscopy —

Gu

idelines for calibrating image magnification

1 $cope

This
scan

International Standard specifies a method for calibrating the magnification of images ge
hing electron microscope (SEM) using an appropriate reference material. This._method

magnifications determined by the available size range of structures in the calibrating reference 1
Interpational Standard does not apply to the dedicated critical dimension measurement SEM.

2

ormative references

The following referenced documents are indispensable for the<{application of this documen

refer
docu

nces, only the edition cited applies. For undated referénces, the latest edition of th
ment (including any amendments) applies.

ISO Guide 30:1992, Terms and definitions used in connection with reference materials

ISO

ISO

Suide 34:1996, Quality system guidelines for the production of reference materials

Suide 35:1989, Natural rubber latex conceftrate — Determination of mechanical stability

ISO $725-1:1994, Accuracy (frueness and-precision) of measurement methods and results — P4

princ

ISO/I

3

Iples and definitions

Terms and definitions

For the purposes ofithis document, the following terms and definitions apply.

3.1
scan

hing electron microscope (SEM)

instryment that produces magnified images of a specimen by scanning its surface with an electro

3.2

nerated by a
is limited to
haterial. This

t. For dated
b referenced

rt 1: General

[EC 17025:1999, General requirements for the competence of testing and calibration laborat¢ries

N beam

image
two-dimensional representation of the specimen surface generated by SEM

NOTE A photograph of a specimen taken using an SEM is a good example of an image.

3.3

image magnification
ratio of the linear dimension of the scan display to the corresponding linear dimension of the specimen scan

field

© IS0

2004 — All rights reserved
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3.4
scale marker
line on the image representing a designated actual length in the specimen

3.5

reference material (RM)

material or substance one or more of whose property values are sufficiently homogeneous and well
established to be used for the calibration of an apparatus, the assessment of a measurement method, or for
assigning values to materials

3.6

certified refrenee—ma&eria! {GRM}

reference material, accompanied by a certificate, one or more of whose property values are certified|by a
procedure which establishes its traceability to an accurate realization of the unit in which the property vplues
are expresse¢d, and for which each certified value is accompanied by an uncertainty at a stated leyel of
confidence

NOTE Fqr the purposes of this document, an RM/CRM possesses pitch pattern(s) with thendesired range of pitch
size(s) and acpuracy, to be used for the calibration of the image magnification.

3.7

calibration
set of operdtions which establish, under specified conditions, the relatienship between the magnifigation
indicated by fhe SEM and the corresponding magnification determined by @xamination of an RM or a CRM

3.8
tilt angle
angle of the inclined specimen surface from the plane perpendicularly to the electron beam axis

See Figure 1|.

Key

tilted specimen
electron beam
specimen

tilt angle

A WDN -~

Figure 1 — Tilt angle
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3.9
displ

ISO 16700:2004(E)

ay

analog or digital device used for visualization of images

NOTE Examples of display are a cathode ray tube, plasma display panel, liquid crystal display, etc.

3.10

working distance
distance between the specimen surface and the bottom plane of the objective lens of the SEM

3.11
pitc

close

3.12

st separation of two similar features on a specimen which are equivalent points on a repeat

accuracy

the c
[ISO
NOTH

Intern

NOTH
There

NOTE
indep

oseness of agreement between a test result and the accepted reference value
5725-1:1994]

1 A “test result” constitutes the observed values of a pitch of a CRM obtained by the procedure
ational Standard.

2  The term “accepted reference value” is a value certified by a national or an international calibraf
will be an uncertainty associated with this value which should also“a@ppear on the certificate.

pattern

butlined in this

ing laboratory.

3  Accuracy and precision are different. Precision is¢defined as the closeness of agreement between

endent test results obtained under stipulated conditions. See’ISO 5725-1.

4 Image magnification

4.1

Toin
that i

NOTH
to the

Scale marker

Hicate magnification, superimpose‘on the image a scale marker and the corresponding lengt
actually represents on the specimen. An example is shown in Figure 2.

500 nm

Figure 2 — Scale marker and its length

h, in S| units,

calibrated value.

The value of the scale marker generated by the hardware and/or the software of the SEM may Tot correspond

4.2

Expressing magnification

Magnification of an image is given by a number representing the number of times the object has been
magnified and it is accompanied by the symbol “x” (e.g. 100 x, 10 000 x, 10k x or x 100, x 10 000, x 10 k
where 100, 10 000 and 10 k are magnitude numbers). See Annex A.

NOTE 1

NOTE 2

It is not always necessary to show the magnification when the scale marker is shown on the image.

The magnification shown on the image corresponds to a chosen output device, which can be a display monitor

or a printer or a photographing device. The scale marker shown on the image is independent from the output device
chosen by the operator of the SEM. The magnification shown corresponds to the scale marker only when the image is
displayed or printed on the operator-chosen output device.

© IS0
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5 Reference material

5.1 General
See ISO Guide 30.

For calibrating the magnification of an image, wherever possible, choose a CRM that is produced in
accordance with ISO Guide 34 and certified in accordance with ISO Guide 35.

When a suitable CRM is not available, an RM produced in accordance with ISO Guide 34 may be used.

5.2 Requirements for CRM

Ensure that the chosen CRM:

— is stable]with respect to vacuum and repeated electron beam exposure;
— provideq good contrast in the SEM image;

— is electrically conductive;

— can be |cleaned to remove contamination occurring during normal use without causing mechanical
damage|or distortion;

— has an gssociated valid calibration certificate.

5.3 Pitch ppatterns on CRM

Pitch patterng on the CRM may be in any one or more of\the following forms:
— an orthogonal cross grid;

— aline arfay;

— adot arnay;

— an orthogonal dot array.

Ensure that the chosen CRM ¢ontains pitch patterns that allow for calibration in at least one direction, angl that
the uncertainty in the pitchpatterns is consistent with the targeted accuracy.

NOTE 1 The CRM«may contain pitch patterns both in X and Y directions so that the measurements can be performed
in orthogonal girections without the necessity of mechanically rotating the CRM. The CRM may additionally contain| other
structures for {esting image distortion and/or resolution.

NOTE 2  The chosen CRM may have different sized pitch patterns to cover the whole range of magnifications for which
calibration is needed. It may also be necessary to have more than one CRM to cover the desired range of magnifications.

5.4 Storage and handling
Store the CRM in a desiccating cabinet or in a vacuum container.
NOTE To ensure minimal handling of the actual CRM, it may be permanently mounted on a stub.

Handle the CRM using fingerstalls, clean room gloves or tweezers.

4 © ISO 2004 - All rights reserved
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Visually inspect the CRM surface for contamination and deterioration, as this may affect calibration. Do not
use the CRM if it is damaged or grossly contaminated.

Remove any dust, loose debris or other contamination from the CRM using clean dry air or nitrogen gas,
taking care not to damage the CRM.

Check the calibration of the CRM at intervals by comparison with other CRMs; record the results. The

frequ

ency of verification may depend on the nature and usage of the CRM.

Use the CRM for calibration purposes only.

6 Calibration procedures

6.1

Parameters that influence the resultant magnification of an SEM may cause systematic error

listed

The
nece

The fesults obtained will provide an estimate of the reproducibility) within the laboratory and the

in bo

The s
of thi

6.2

At th¢ time of mounting the specimen, ensuré-that handling of the CRM is carried out in accordan

Mour
Asce

Cheo
enab

6.3

Evac|
instry

General

in Annex B.
tability of the SEM will be a major factor in determining the calibration interval. Initiz
5sary to perform calibration at frequent intervals in order to verify thabthe SEM is stable.
h the display and the data automatically superimposed onany output.

election of the CRM depends on the magnification béing used and accuracy required. For
5 International Standard, ensure that the accuracy of'calibration is better than 10 %.

Mounting CRM

t the CRM in accordance with the SEM and the CRM manufacturer’s instructions.
rtain that there is a good electrical contact between the CRM and the specimen stage of the

k that the CRM is secgrely fixed on the specimen stage so that it does not move from its m
es one to minimize _any image degradation caused by vibration.

Setting SEM operation conditions for calibration

Late thespecimen chamber to the working vacuum in accordance with the SEM m
ctions:

Optin

5. These are

lly it will be

bias inherent

he purposes

Ce with 5.4.

SEM.

punting. This

anufacturer’s

nize'the electron beam brightness and alignment in accordance with the SEM manufacturer’

5 instructions.

Set tilt angle to 0° following the SEM manufacturer’s instructions so that CRM surface is perpendicular to the
electron beam axis during operation.

Chec

k the tilt of the CRM by the following procedures.

a) Turn off the tilt angle correction, the scan rotation and the zoom control of the magnification.

b) Select the imaging mode (secondary electron and/or back scattered electron).

c) Bring the image into focus without visible stigmatic distortions in the image.

© IS0
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d) Select the magnification at which the entire area of measurement is visible.

e) Determine the tilt position where the measured value of pitch is maximum. If the difference of measured
values is not found, assume that the tilt angle is 0°. Carry out subsequent recording of the image in this
position.

NOTE If the image of the whole area cannot be brought into focus then it is necessary to remount the CRM, or

readjust the mechanical alignment of the SEM.

f)  Select the accelerating voltage and the working distance for which the calibration is to be performed and
bring the CRM into the correct position using the specimen stage controls.
g) Wait unfjl the instrument is fully stabilized at the desired operating conditions in accordance with the| SEM
manufagturer’s instructions.
h) Focus apd adjust the image of the CRM on the display.
i) If necesgary, mechanically rotate the CRM so that the pattern to be measured is parallel to the X gnd/or
Y directipns of the display.
j)  Translate the CRM so that the end markings of the pitch pattern, on being measured, span about 84 % of
the length and/or the width of the viewing display using the SEM specimen stage X and/or Y controls{
k) If necessary, rotate again the CRM so the measurement patterns are/parallel to the X and/or Y diregtions
of the digplay and bring the image of the CRM pitch pattern back inte sharp focus.
NOTE It js recommended that the actual number of pitches on the'stcreen should be about 10; e.g, for a 140 mm
display screen, the values of recommended pitch at the various magnifications are listed below.
x 50 00 0,2 um
x 10 040 1 um
x 1000 10 um
6.4 Image recording

Ensure that the pitch patterns are properly‘ined up in X and/or Y directions corresponding to those dire¢tions

in the SEM.

Specify the ghotograph scanningtspeed.

Once the desired image is,"obtained, do not alter any other parameters of the SEM. Record the dispjayed

image of the|CRM with a-s€ale marker on a photograph, or on a photographic film or in a digital form.

In the case of a photographic medium, allow sufficient time for it to stabilize prior to the measurement. This will

minimize the|effects of dimensional changes of the medium.

NOTE

fisplay,

the length and the aspect ratio of the image could be different to that of the orlglnally recorded image. In this case, it is
recommended to record the length and the aspect ratio of the original image.

6.5

Measurement of image

For generating a calibration report, perform all measurements on a good reliable paper reproduction of the
recorded image.

Use a traceable, calibrated ruler of a known accuracy, capable of measuring to less than 1 mm, to measure
the length of the recorded image.

© ISO 2004 - All rights reserved


https://standardsiso.com/api/?name=f6bb7fd9c7ced27fe88d7893980fbae7

ISO 16700:2004(E)

In order to minimize edge distortion effects, avoid measurements near the edges. Restrict measurements to
the central 80 % of the image area.

Measure the pitch in the X and/or Y directions of the recorded image. This is achieved by measuring the
distance between two of the markings, corresponding to an integral number of the pitch, within the area of the
recorded image as specified above.

The measured distance should be approximately ten times larger than the pitch.

Repeat the measurement at least three times at separate locations at least 3 mm apart on the recorded image.

NOTE piteh—m
s of the CRM.

featu

y—be—meas etas—the—centre-to-centre he—edge-toredge—distance—betweem the repeating

6.6 | Calibration of magnification and scale marker

6.6.1| General

Perfdrm a calibration for magnification(s) commonly used in the laboratory.

6.6.2| Magnification

Determine the magnification, M, by use of the following equation:

V= —
d

wherg
b is the measured mean pitch (distance)on the recorded image (see Figure 3);
d is the actual pitch (distance) of the.CRM corresponding to D (see Figure 4).

Obta|n mean distances in both X and Y. directions, then values of magnifications should be calculated for each
direction.

If the| difference of the magnification between X and Y directions exceeds an allowance set by th¢ user, check
the QRM mounting and pgssible misalignment in the SEM. Readjust and repeat the calibration.

6.6.3| Scale marker

Carry out the calibration of the scale marker for each calibration run.

Calcylatel the length, L, on the recorded image corresponding to the length of the value, f;, 4| of the scale
markgf-by the following equation:

D
L:findXM:findX;

where
L is the calculated length of the scale marker on the recorded image;

fina is the indicated value of the scale marker on the recorded image (see Figure 3).

NOTE If possible, the length of the scale marker should be adjusted to correspond to the calibrated magnification If
this is not possible the discrepancy should be noted.

© 1SO 2004 - All rights reserved 7
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15.0kV 12.0mm »:40.0k

7 Accuracy of image magnification and scale marker

[”ind

Figure 3 — Recorded image

The accuracy,
the following|equations:
D .
AM:Mnd_MzMind_g A\Q)
xO
AM o5
Ag=—+4x100
sy x C)\\

Where M, ib the indicated magnificatio@%e Figure 3).

The accurac
the following

ya
equahons

%\%

-L= Llnd?@%
Y

x1 ?‘

o

|IllHIH lll

| |
‘d
&
Figure 4 — Spec@n (CRM)
g\\
Q<§<

A, in percent of the magnification can be determl%a%\%y calculating the difference, AM

&

N

, in percent of th@gﬁe marker can be determined by calculating the difference, AL,

using

using

where ;4 and f;4 are the indicated length and the indicated value of scale marker on the recorded image
individually (see Figure 3).

NOTE 1

+ 0,2 mm, because this is the resolution limit of the human eye.

NOTE 2

accurately to + 1 pixel. D and L;j,q may be expressed in terms of pixel length (in mm) to calculate 4,, and 4.

NOTE 3

Even if D and/or Lj,q is measured with high accuracy (e.g. caliper), the minimum measurement error would be

In digitally recorded images, accuracy may be determined by assuming that D and L;,qy can be measured

It is noted that the uncertainty due to operating conditions of the SEM apparatus and statistical errors due to

any unavoidable inhomogeneity of the CRM, are included in the result of the magnification calibration. (See Annex C.)

© ISO 2004 — All rights reserved
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8 Calibration report

8.1 General

The calibration report carried out by the laboratory shall be accurate, clear, unambiguous and in accordance
with the specific instructions in the calibration methods listed in this International Standard.

The results of the measurements shall be in a test report and, in addition to the information requested by the
client, shall include all the information necessary for the interpretation of the calibration results and that
required by 5.10.2 of ISO/IEC 17025:1999.

In thi case of calibrations performed for internal clients, or in the case of a written agreementwfith the client,
the r¢sults may be reported in a simplified way. The information listed in 5.10.2 of ISO/IEC 17024:1999, which
is no{ reported to the client, shall be readily available in the laboratory that carried out the calibrations.

8.2 | Contents of calibration report

In the calibration report include the following and any other relevant informatignywhich could affect the results
of the calibration. An example is shown in Annex D.

a) ¢alibration report title;

b) mame and address of the laboratory;

c) nmumber of the calibration report;

d) mame and address of the client where relevant;

e) ifdentification of the method used (i.e. ISO 16700);

f)  manufacture’s name, model name and the serial number of the instrument used;
g) mame and identification of the reference materials used;

h) gpecific operating values of-accelerating voltage, in kilovolts, working distance, in millimejres, imaging
mode, scan speed and magnification setting;

i) :Lumber of measureéments taken, n, and results of calibration: length of the scale mprker and/or
agnifications in both X and/or Y directions with the accuracy expressed in percent;

j) ame of the person conducting the calibration;
k) e datezand time of the calibration;

)] ename(s), function(s) and signature(s) of person(s) authorizing the calibration certificate;

m) where relevant, a statement to the effect that the results relate only to the items tested or calibrated.

NOTE It is recommended that laboratories include a statement specifying that the calibration report shall not be
reproduced except in full, without written approval of the laboratory.

© 1SO 2004 - All rights reserved 9
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Annex A
(informative)

Reference materials for magnification

A.1 Scope

This annex (¢
apparatus.

A.2 Certiff

A.2.1 Natid
SRM 484q: S

SRM 2069b:
smooth and

SRM 2090: §

ives examples of CRMs and RMs available for calibration of magnification scales for the

ed reference materials (CRMSs)

pnal Institute of Standards and Technology, USA
EM Magnification Standard; pitch range from 0,5 um to 5 um. Goldfoil in nickel.

SEM Performance Standard; pitch range from 2 mm to 4mm. Graphitized rayon fibers
iniform edges on a 12,5 mm diameter SEM specimen mount with a 3 mm peg.

EM Magnification Standard; pitch range from 0,2 pm.{o3 000 pum. Silicon chip.

A.2.2 Physikalisch-Technische Bundesanstalt, Germany

IMS-HR 94 1

A.2.3 Natid

Metal replica
nominally 0,5

A.2.4 GOS

CRM6261-91
in the form

75-04: silicon oxide on a silicon wafer; 1 p, 2 pm, 5 um and 10 um.

)nal Physical Laboratory, UK

s with two orthogonal setstof"ruled lines: one with a pitch nominally 50 um and the
um from originals ruled by'SIRA and certified by the NPL.

T R, Russian Federation

of strips. Certified characteristic: the distance between elements of periodical pattern o

surface, equal to 0,39<um.

A.3 Refer

SEM

with

other

. it is manufaetured in the form of a 15 mm x 15 mm metal plate with periodical structural pattern

n the

bnce materials (RMs)

A.3.1 Square grid

The 100 mesh in 254 um pitch and 1 000 mesh in 25,4 um pitch of gold, nickel or copper are recommended.

A.3.2 Nested square boxes

0,5 um to 500 um pitch patterns in nested square boxes.

10
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A.3.3 Pitch pattern (National Institute of Standards and Technology, USA)

RM 8090: pitch range from 0,2 um to 3 000 um. Silicon chip.

NOTE This is the non-certified prototype of SRM 2090.

A.3.4 Silicon microscale certified by Japan Quality Assurance Organization (JQA)

Silicon microscale of 0,24 um in pitch.

NOTE Other reference materials may be used.

© 1SO 2004 — Al rights reserved 1
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Annex B
(informative)

Parameters that influence the resultant magnification of an SEM

The parameters listed below may interact with each other, and are considered in the order of their location in
the instrument.

a)

f)

12

Electron
final fod
magnifig
algorithn
Differen
Uncorre

Residua

Long de
aperture

Non-orth
appears

Scan ge
Zoom cq
Non-ling
Distortio|
The per

A tilted s
and mag

The tilt g
the sped

Signal p

us that affects the working distance calibration which, in turn, determines the-disp
n, the input of which may be subject to error.

condenser lens strength combinations change the focal point of the final lens

cted final lens astigmatism can give a false indication of exact focus.

magnetic hysteresis, particularly in the final lens, can change the fogal conditions.

pth of focus, particularly at low magnification and small beam“divergence controlled by len
selection can lead to incorrect focus.

ogonal deflection (X and Y axes) can be produced’by the scan coils. Image distortion

herator circuits may be non-linear or change with aging of circuit components or both.
ntrol of magnification can be non-linear.

arity of scan rotation accessory can distort magnification at different degrees of rotation.

entage error in magnification may be different for each magnification range.

pecimen surface(hot'perpendicular to the beam axis) will introduce foreshortening of the i
nification variation:

imen or'to.a particular area on the specimen surface.

Focessing, particularly differentiation or homomorphic processing, can give a false impress

focus.

gun high-voltage instability or drift can change the energy of the electrons, thereby changinlg the

ayed

ation. In modern instruments the magnification compensation is determined byca-computer

5 and

then

h of the electron beam sweep:may be produced by extraneous magnetic and electrostatic figlds.

nage

orrection,applied may not be at 90 ° (in the plane normal to the electron beam) to the tilt akis of

on of

For the same apparent magnification, different combinations of working distance, accelerating voltage
and beam scan raster can produce different linear magnifications.

Thermal and electronic drift of circuit components related to the above parameters can affect
magnification with time in a random manner.

Distortion of faceplate and non-orthogonal beam deflection of recording cathode ray tube (CRT) can

produce

non-uniform magnification.

The image magnification on the recording CRT may not be the same as that on the viewing CRT.
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s) Recording camera lens distortion and change in ratio of the photographic image to CRT image can lead
to magnification error.

t) Expansion or contraction of photographic material, photographic enlarging, and control of contrast, can all
have a significant effect on the final apparent image magnification.

u) In digitally recorded images, magnification errors may occur due to the inaccuracies or distortion of the
digital devices (e.g. printers, etc.). The aspect ratio (X and Y magnification) may be different than that of
the original image.
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