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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

8:2022(E)

Nano-multilayer coatings by physical vapor deposition (PVD), which possess high coating-substrate
adhesion, high hardness and good wear resistance, corrosion resistance and conductive resistance,
have been widely applied on tools, moulds, microelectronics and other important parts to improve their
service life. Nano-multilayers formed by depositing two materials alternately at nanometer scale have
attracted considerable interest due to their superior physical and chemical properties. The modulation
period refers to the thickness of these two alternate layers.
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Determination of modulation period of nano-multilayer
coatings by low-angle X-ray methods

1

Scope

This document specifies the substrate conditions and testing of the modulation period (including

the

X-rayf measuring apparatus, the calibration of apparatus and samples, and the testingco
calcylation process) of nano-multilayer coatings by low-angle X-ray methods including X-ray
(XRR) and glancing incident X-ray diffraction (GIXRD).

2

Therk are no normative references in this document.

No t¢rms and definitions are listed in this document.

ISO gnd [EC maintain terminology databases for use in standardization at the following adc

Consfidering that the roughness of.industrial tools or moulds is normally not the roughnesg
is necessary to supply testingsamples with the same substrate and surface condition. Th
of the substrate of testing samples should be less than 50 nm of peak-to-valley or less tha
(roufe-mean-square) befofe the coating process. The substrate of testing samples should b
using the ultrasonic agjtation procedure: immersion in a correct solution to remove hydro
othefs surface contaminants.

5

5.1

I - -

Normative references

Terms and definitions

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

IEC Electropedia: available at https://www:electropedia.org/

$ubstrate conditions

Testingiof modulation period

Ptinciple for low-angle X-ray methods

Irements for

ditions and
reflectivity

Iresses:

required, it
e roughness
n 5 nm RMS
e cleaned by
rarbons and

5.1.1 General

The X-ray methods in this document consist of X-ray reflectivity (XRR) and glancing incident X-ray
diffraction (GIXRD).

5.1.2 XRR method

When X-rays are irradiated on to the sample at very low angles, and the angle of irradiation is gradually
increased beyond a certain angle called critical angle, X-rays are reflected from the interfaces of
the sample and give rise to interference fringes. The periodicity of the fringes is proportional to
the thickness of the modulation period. The modulation period can then be calculated by a specific
calculation. Figure 1 shows the typical schematic diagram of the XRR method.

© IS0 2022 - All rights reserved
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Figure 1 — Schematic diagram of'the XRR method
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pecial XRD technology, for whichthe'incident angle « is fixed. For nano-multilayer codting,
modulation interfaces also cause the diffraction phenomenon in the low angle range
10°, where 8 is the peak position corresponding to the nth order of the reflection). When
rradiated onto the samplerat a low angle, diffraction fringes appear as the diffraftion
ire met. The modulatian jperiod can then be calculated by specific calculation. Figyre 2
hematic diagram of the GIXRD method. For the GIXRD method, the incident angle a is flixed.
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Figure 2 — Schematic diagram GIXRD method

5.1.4 Calculating formula

After obtaining the XRR or GIXRD pattern, thetmodulation period is calculated by the following
modified Braggs-law, Formula (1):

n

in® (9):(%)2 +26 (1)
where

® isthe peak position corresponding to the nt" order of the reflection;
is the wavelength-ef X-ray;

¢ isthe deviation of the average refractive index of the film;

4l is themedulation period.

The hano-multilayer coatings with modulation structure comprise two kinds of layers, in which every
two pdjaeent layers constitute a unit and the thickness is called the "modulation period” [A =21, + A,
wheie 44 and A, are the thickness of the A layer and B layer, respectively.) 4 is less than 200 nm or than
a super-lattice coating, as shown in Figure 3.

©1S0 2022 - All rights reserved 3
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specifications for the coated samgls\o

ample should have a flat area of| tleast 10 mm in diameter for the measuring spot, in ¢rder

sufficient reflecting or diffraction area and volume. Considering that microelectr
lat and homogenous areas measuring 10 mm x 10 my

Choice of flat testing sa with the same substrate material and surface condition c3

ods spec1f1cat1® or the coated sample

of the coa%@sample should be less than 200 nm because the period of 200 nm is be
e diffraction instrument.

Face'\lgﬁghness requirements of the coated sample

bnics
n, an
in be

yond

Surface rou

tmess; R, of the Tamo-mmuttitayer coating fras-am important effect om the determimati

the modulation period.

a)

excessive scattering, and GIXRD technology can be used.

b)

to GIXRD, XRR is more accurate for measuring the modulation period of nano-multilayer.

n of

When the surface roughness, R, is more than 0,05 pm, the XRR method is unreasonable due to

When the surface roughness, R, is less than 0,05 pm, both XRR and GIXRD are used. In comparison
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5.3 Specifications for X-ray measuring apparatus

5.3.1 Apparatus configuration

5.3.1.1 Four-circular apparatus is necessary, which facilitates the rotation of the axes.

5.3.1.2 Sample holder, with adjustable height is also necessary.

5.3.2 Beam conversion device

5.3.2.1 Abeam conversion device such as a Goebel mirror (GM) is used to convert thediyerging beam
from| the X-ray generator to the parallel light beam with a fixed breadth. In additiofy,\the|intensity of
obtajned pattern is more than 1 000 000 000 counts per second (cps) with low background by using the
GM device.

5.3.2.2 Incident slits with 0,1 mm, are inserted between the sample holdetr and the GM| to tune the
resolution of the apparatus. However, the inserting of these slits decreases-the intensity of the obtained
pattgrn.

5.3.2.3 For the reflection or diffraction information receiving section, receiving slits hetween the
sample holder and detector are also used to control the intensity and resolution of the patt¢rn.

5.3.3 Radiation sources and filters

For festing of the coated samples, Mo, Cu and Co targets are used. The filters are uged to get a
mongchromatic Ka light, and the common X-ray.targets for testing. The corresponding filtdrs are listed
in Taple 1.

5.4

X-ray

Table 1 — Common X-ray-targets for testing and the corresponding filters

Ka .
Tdrget Filter
nm
Mo 0,071 07 Zr
Cu 0,154 18 Ni
Co 0,154 18 Fe
NOTE Ka is the ray produced by the transition of an electron from the
L to the K shell for the K radiation.

Calibrating of apparatus

measuring apparatus shall be carefully calibrated before testing to eliminate or

reduce the

equipment error.

Si plate with a size of 10 mm x 10 mm were used to calibrate the apparatus.

The requirements of the Si standard sample are the following.

a) The Si powder is selected as the calibration sample.

b) The Si powder shall be annealed without micro-strain.

c¢) The mean size of the annealed Si powder shall be more than 100 pm.

The testing conditions and operation procedures are given in 5.5.
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When the 6 (6 =

IeSi power

-Ogil, where 6g; ,,\er and the 6g; represent the degree (at a low degree) of the

Si standard sample and the International Centre for Diffraction Data of Si, respectively) < 0,001°, the
apparatus calibration is complete.

Before the XRR and GIXRD examination, the X-ray light path and samples should be calibrated, which
can provide high accuracy.

5.5 Testing conditions

5.5.1
5.5.2 Ope
5.5.3 Scar
5.5.4 Scar
5.5.5 Scar
5.5.6

5.5.7 The
operating v(
should be sy

5.6 Test4

The steps to|

1))
2)
3)
4)
5)

6)
7)

Operating voltage: 20 kV to 50 kV. 40 kV is recommended.

Calibrat

Fating current: 20 mA to 40 mA. 30 mA is recommended.
Ining range (26): 0,3° to 10°.
ning step: < 0,001°.

Ining speed: < 0,1°/ min

Inciglent angle (a): 0,2° to 5°. 0,5° is recommended.

pattern intensity is dependent on many factors, suclias scanning speed, scanning
Itage and current, types of receiver, slits and detector: The intensity of the obtained pa
fficient to fit and obtain the accurate degree of 26

ind calculation procedure
calculate the modulation period of nane~multilayer coating by XRR or GIXRD are as fol

ion of the X-ray light path and samples.

Selectijn of incident and receiving slits with 0,1 mm.

Selecti
Operati

Scannin
(a): 0,59

Obtenti

Fitting

n of Cu as the radiationSoutce and Ni filter.
hg voltage: 40 kV; eperating current: 30 mA.

g range (260): 1;5%to 10°; scanning step: 0,001°; scanning speed: 0,05°/min; incident
. Then, runningof the test program.

bn of the XRR or GIXRD pattern of the nano-multilayer coatings.
ofAthe obtained XRR pattern by using Formula (1), regressing the sin2(6)

nn=1

53, 4.....).

time,
ttern

OWS.

ingle

and

The examples of the determination process of modulation period by XRR are listed in Annex A.
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