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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

1:2018(E)

The optical properties of a coated surface are characterized by spectrophotometric values. These values
relate to the energy transported by electromagnetic waves (radiant or luminous) and they vary as a
function of the wavelength, the angle of incidence, and the state of polarization. Additional influences
can be caused by scattering.

NOTE 1

parentheses as part of the symbol.

NOT

£ 2 The mmvp]pngrh ()) can he rpplm‘pd hy the wavenumber (rr) or the phnfnn energy (hv

The functional spectral dependency is generally indicated by including the wavelength, 4, in

. h = Planck

cons
wavg

Whe
statg
radi

fant; v = frequency. The units recommended are the nanometre (nm) or the micrometre

n a coating is used at an angle of incidence different from zero, its characteristics depe
e of polarization of the incident radiation and it can influence the polarization State of t
htion. It might then be necessary to indicate the orientation of the electric)field vector i

the plane of incidence.

The

modjification to the surface properties that they realize. A coating intehded to realize a princi

asd

efined in Table 1 can also include one or more secondary funttions. Their relative impo

the

Exa
desc

regjr
A sur

d to the principal function shall be indicated.

reference illumination source, the reference observer, and the optical properties of

Colo‘[limetric parameters are not part of this standard:

ples of coating imperfections are given in Aunex A. Test methods for the surface imper
ribed in ISO 14997.

coatings are defined according to their function, i.e. according<fo the nature of th

face for visual applications can be characterized by colorimetric parameters. These

[um) for the

length, the reciprocal centimetre (cm-1) for the wavenumber and the electron volt (eV) forthe.photon energy.

hd upon the

ie emergent

relation to

e principal
bal function
rtance with

depend on
the surface.

fections are
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Optics and photonics — Optical coatings —

Part 1:
Vocabulary

WARNING — The electronic file of this document contains colours which are considered to be
usefful for the correct understanding of the document. Users should therefore consider printing
this|document using a colour printer.

1 Bcope

This| document defines terms relevant to optical coatings. These terms are|grouped in fpur classes:
Terms and definitions, definition of coatings by function, definitions of common coating imperfections
and pther definitions.

This|document identifies surface treatments of components and subStrates excluding ophthalmic optics
(speftacles) by the application of optical coatings and gives a stdndard form for their spe¢ification. It
defipes the general characteristics and the test and measurement methods whenever necegsary, but is
not intended to define the process method.

2 Normative references

The [following documents are referred to in theZtext in such a way that some or all of their content
congtitutes requirements of this document..For dated references, only the edition cited ppplies. For
undated references, the latest edition of théreferenced document (including any amendments) applies.

[SO 11145, Optics and photonics — Laséxs and laser-related equipment — Vocabulary and sympols

[SO 80000-7, Quantities and units %< Part 7: Light

3 [Ferms and definitions

For the purposes of this document, the terms and definitions given in ISO 11145 and ISO §0000-7 and
the following apply.

[SO @nd IEC maintain terminological databases for use in standardization at the following addresses:

— [SO Online browsing platform: available at https://www.iso.org/obp

— [ECElectropedia: available at http://www.electropedia.org/

3.1 Basic terms and definitions

3.1.1 General terms

3.1.11

surface treatment of components and substrates

application of a coating of material(s) intended to modify the optical, physical or chemical characteristics
originally possessed by the surface of a component

Note 1 to entry: The substrates are considered to be geometrically perfect and optically homogeneous. In reality,
an assembly made up of a substrate and a coating is identified and measured experimentally as an entity.

© ISO 2018 - All rights reserved 1
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3.1.1.2

incident medium
medium from which the electromagnetic radiation enters the coating

3.1.1.3

emergent medium

medium int

o which the electromagnetic radiation exits the coating

Note 1 to entry: Besides acting as mechanical support, the substrate carrying the coating physically can
constitute the incident medium and/or the emergent medium.

3.1.1.4

clear apert
surface are

3.1.1.5
rim
area outsid

3.1.1.6
witness sa
sample that

Note 1 to e
dimensions,
and user.

3.1.2 Ten

3.1.21
spectral tr
7(4)

ratio of the

ure
h to meet specifications

b of the clear aperture

mple
represents the actual coated component used for spectral and environmental testing

htry: The details of witness samples and sampling procedures’ (e.g. material, surface tex
number per batch, position in the coating chamber, etc.) is subject to agreement between sup

ms for optical properties of a coated surface

hAnsmittance

spectral radiant or luminous flux transmitted to that of the incident radiant or luminoug

Note 1 to en
Note 2 to en

[SOURCE: 1§
changing th

3.1.2.2

|

ry: Spectral transmittance is relatedto spectral optical density D(A) by the formula: 7 (1) = 10—
ry: Wherever the Greek letter . is mistakable T(A) may be used.

080000-7:2008, 7-22.3, modified — The formula has been changed into a sentence wit|
e contents. |

spectral reflectance

P
ratio of the

spectralrddiant or luminous flux reflected, to that of the incident radiant or luminous f]

ture,
plier

flux

D(A).

hout

lux

Note 1 to enliry: Wherever the Greek letter p is mistakable R(A) may be used.

[SOURCE: ISO 80000-7:2008, 7-22.2]

3.1.2.3

spectral absorptance

a(d)

ratio of the spectral radiant or luminous flux absorbed, to that of the incident radiant or luminous flux

Note 1 to entry: Wherever the Greek letter a is mistakable A(A) may be used.

[SOURCE: ISO 80000-7:2008, 7-22.1]

© ISO 2018 - All rights reserved
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3.1.24

spectral scattering

change of the spatial distribution of a beam of radiation spread in many directions by a surface or a
medium without any change of frequency of the monochromatic components of which the radiation is
composed

Note 1 to entry: The quantities defined in 3.2.2.1 to 3.2.2.4 are interrelated as follows:

1=7(2)+p(2) +a(A)

with

F(2)=7,(2)+74(2)
p(4)=p; (A)+p4(2)

where

r-(A) isthe regular spectral transmittance (specular);
br(A) is the regular spectral reflectance (specular);
rq(A) is the diffuse spectral transmittance (scattered);
ba(A) is the diffuse spectral reflectance (scattered).

Note|2 to entry: If necessary, these values can be represented as an average over a wavelength range from A to

Ay ds follows:

AZ

T(A)dA m m
Fve (A4 tO A )—Jl"Ll *) ~Zi=1r()”')All_z,’=f(’li)
ave \”"1 2 )= = —
A2 = dy)=2y m

where

M =(A,—24,)/m.

3.1.2.5

refractive index
n(A)
ratid of the vélocity of propagation of electromagnetic radiation in vacuum to the velocity of propagation
of electromagnetic radiation in a medium

3.1.26

angle of incidence

o

angle between the normal to the surface and the incident ray

3.1.2.7
plane of incidence
plane incorporating the normal to the surface and the incident ray

© ISO 2018 - All rights reserved 3
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3.1.3 Terms for polarization

3.1.3.1
linearly polarized radiation
polarization where the orientation of the electric field vector remains constant

Note 1 to entry: S-polarization refers to linear polarization where the electric field vector is perpendicular t
plane of incidence.

o the

Note 2 to entry: P-polarization refers to linear polarization where the electric field vector is parallel to the plane

of incidence.

3.1.3.2

elliptical pplarization

property of electromagnetic radiation in which the electric field vector rotates about the dire
of propagatfion at the radiation frequency and periodically oscillates in amplitude in a homogen
optical medium

Note 1 to enffry: The terminal point of the electric field vector describes an ellipse.
[SOURCE: I§0 11145:2018, 3.12.3]

3.1.3.3
circular pglarization

tion
PousS

property of electromagnetic radiation in which the electric field/véctor is of constant amplifude

and rotateq about the direction of propagation at a frequency egual to the radiation frequency
homogeneolus optical medium

[SOURCE: 1§0 11145:2018, 3.12.2]

3.1.34
random palarization

in a

state in whlich a beam of electromagnetic radiation is composed of two linearly polarized beams of

electromaghetic radiation having orthogonal fixed polarization directions and having amplitudes
vary randoinly over time with respect to eachyother

[SOURCE: 1§0 11145:2018, 3.12.7]

3.1.3.5
unpolarized radiation

radiation which has been reselved into any pair of orthogonal electric field vectors with varied p
difference where the average/magnitudes of the two orthogonal vectors are the same and their p
difference dhange is conipletely random

3.1.4 Ph3se related terms

3.1.4.1
phase change

that

hase
hase

do

angle difference, @ — @, represents the phase change between an electromagnetic wave and a reference

wave with its electric field vector given by
E=A cos 2mve -0
A

where

4 © IS0 2018 - All rights res

erved
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E isthe electric field vector;

b

is the amplitude vector;

v isthe velocity of propagation in the medium;

T isthe time;
A

is the wavelength in the medium;

@ isthe phase.

1:2018(E)

The
fund

3.1.
pha
AP

diffe

whe

3.2

3.2.]

3.2.
RE
coat

3.2.
HR
coat

plectric field at a fixed point in space due to an electromagnetic wave can be describedh
tion given by

g =A cos(ziw -@, )

.2
e retardation

rence of phase change between the p- and s-components of the‘electric field vector give
AD =d P, —d D,

e

do, is the phase change for the p-component

d &, is the phase change for the s-component

Designations of coatings by principal function

| Reflecting function

.1

ng which increasSes the reflectance of an optical surface over a specified wavelength ra

.2

ng which'Creates a high reflectance of an optical surface over a specified wavelength ra

definped4ransmittance

3

y a periodic

n by

nge

hge without

3.2.

PR

coating which creates a defined (partial) reflectance and a defined transmittance of an optical surface

over

a specified wavelength range

3.2.2 Antireflecting function

3.2.21

AR

coating which reduces the reflectance of an optical surface over a specified wavelength range and
usually increasing the transmittance

© ISO 2018 - All rights reserved
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3.2.3 Beam splitting function

3.2.31
BS

coating which separates the incident flux into two beams, one transmitted and the other reflected, the
energy distribution of each beam reproducing the incident energy distribution in essentially a non-
selective manner, over a specified wavelength range

3.2.4 Attenuating function

3.2.4.1

AT

wavelength

3.2.5 Bandpass or band rejection filtering function

3.2.5.1
FI

which modifies the transmittance in a selective manner over a specified wayelength range

3.2.5.2
FI-BP

coating wh]ch modifies the transmittance by passing a specified wavelength range
I

Note 1 to en

3.2.5.3
FI-BR

coating whlich reduces the transmittance in essentially a non-selective manner over a, sSpec

range

y: If there is no ambiguity the code designation "BP" may'be used.

coating wh]ch modifies the transmittance by rejecting\a specified wavelength range

Note 1 to en

3.2.6 Sel

3.2.6.1

SC

coating wh
spectral reg

Note 1 to enffry: The reverse'path combines beams of different spectral regions

ry: If there is no ambiguity the code designation "BR" may be used.

ecting or combining function

ch divides the incident radiation flux into two or more beams each one covering a lin
ion and being propdgated either by reflection or by transmission

3.2.6.3
SC-SP (Short pass)
coating of type SC where the spectral region of shorter wavelength is transmitted

ified

lited

Note 1 to entry: If there is no ambiguity the code designation "SP" may be used.

3.2.7 Polarizing function

3.2.71
PO

coating which determines the state of polarization of the emergent electromagnetic radiation over a
specified wavelength range

© ISO 2018 - All rights reserved
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3.2.8 Phase changing function

3.2.8.1
PC

coating which determines the phase change of the emergent electromagnetic radiation relative to the
incident radiation, and/or the phase difference between s and p vectors, over a specified wavelength range

3.2.9 Absorbing function

3.29.1
AB

coatjng which absorbs a specified value of the incident flux over a specified wavelength range

3.2.10 Supplementary function

3.2.10.1
SU

coatjng which provides a non-optical property

Note|1 to entry: This function is often combined with an optical function.

Table 1 — Definitions of coatings by function

Principal Code L\ Expmple of
. . . Definition R
function designation application
Coating which increasesthe reflectance of an optical .
RE S Metal mirror
surface over a specified wavelength range.
Coating which creates a high reflectance of an optical
Reflecting HR surface over a specified wavelength range without de- Laser|mirror
fined transmittance.
Coating which creates a defined (partial) reflectance outcolipler cavit
PR and a.defined transmittance of an optical surface overa |, pler, cavity
o ring-down mirror
specified wavelength range.
Coating which reduces the reflectance of an optical
Antjreflecting AR surface over a specified wavelength range and usually AR coated lens
increasing the transmittance.
Coating which separates the incident flux into two
beams, one transmitted and the other reflected, the en- Neutdal beam-
Bean splitting BS ergy distribution of each beam reproducing the incident splitter
energy distribution in essentially a non-selective manner, pHLtY
over a specified wavelength range.
. Coating which reduces the transmittance in essentially a | Neutral density
Attdnuating AT : g .
non-selective manner over a specified wavelength range. |filter
_ Laser|line selec-
Filt¢ring FI o .. L e . . M tion filter
\.‘UdLllls VVIIIUIT ITTOUITITS UIC U AIISIIIILLATIICT IIT a4 STICTLLIVE
a) Bandpass FI-BP manner over a specified wavelength range
b) Band rejection FI-BRa p § 8¢ Raman notch
filter
. Coating which divides the incident radiation flux into Dichroic mirror
Selecting or SC b h . limited 1
combining two or more beams each one covering alimited spectral |Beam combiner
a) Longpass SC-LP region and being propagated either by reflection or by ) ]
b) Shogfpass SC.spb  |transmission. The reverse path combines beams of dif- | Cold light mirror
ferent spectral regions. NIR cut filter
a  [fthere is no ambiguity the code designation "BP or "BR" may be used.
b [fthere is no ambiguity the code designation "LP or "SP" may be used.
© ISO 2018 - All rights reserved 7
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Table 1 (continued)

Principal Code L Example of
. . . Definition L
function designation application
Coating which determines the state of polarization of Polarizer
Polarizing PO the emergent electromagnetic radiation, over a specified | Non-polarizing
wavelength range. beamsplitter
Coating which determines the phase change of the emer-
. gent electromagnetic radiation relative to the incident
Phase changing PC radiation, and/or the phase difference between s and p Phase retarder
vectors _aver a specified wavelength range
. Coating which absorbs a specified value of the incident | Light trap
Absorbing AB fl o
ux over a specified wavelength range. UV absorber
Electrical con-
ductivity
Supplementhr sy Coating which provides a non-optical property; this fune- ]

PP y tion is often combined with an optical function. Chemical or
mechanical pfo-
tection

a  Ifthere i$ no ambiguity the code designation "BP or "BR" may be used.
b [fthere i no ambiguity the code designation "LP or "SP" may be used.

3.3 Terms related to common coating imperfections

3.3.1 Poipnt-like imperfections

3.3.11
pinhole
very small hole in the thin film

3.3.1.2
spatter
imperfection that results when small chunks of coating material fly on to the substrate surfaceland

adhere therje in the coating process

3.3.1.3
particle
small piece [of matter on/in the film

3.3.14
fine dust
number (offen numerous) of small pieces of matter on/in the film

3.3.1.5
nodule
small lump (usually of coating material) in the film

3.3.2 Line-like imperfections

3.3.2.1

scratch
marking or tearing of a surface which looks as though it has been done by either a sharp or rough

instrument

Note 1 to entry: Scratches occur on optical surfaces in all degrees from various accidental causes.

8 © ISO 2018 - All rights reserved
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3.3.2.2
hairline scratch
very fine, smooth scratch, usually straight

Note 1 to entry: The hairline scratch is characterized by its uniqueness and its straightness. Other scratches can
be curved, or appear straight or curved, multiple, adjacent or without contact.

3.3.2.3
crack
fracture in the film

3.3.24
crazing
pattern of fractures in the film (usually due to differential thermal stress)

3.3.3 Area-like imperfections

3.3.3.1
staih
patchy, localized discoloration of the surface, e.g. caused by chemical réactions

3.3.3.2
abrgsion
surface damage caused by rubbing against another surface

3.3.3.3
lint mark
remain of fabric or paper fibres on an optical surface

3.3.3.4
void
small uncoated portion inside the coated area

3.3.4 Volume-like imperfections

3.34.1
peeling
partjal separation of thin filin(s) originating from the peripheral zone of the coated area

3.3.4.2
flakjing
partjal separation’ef thin film(s) originating from the inner zone of the coated area

3.3.4.3
blister
bubble

inclusien under or within the coating which lifts the film

© ISO 2018 - All rights reserved 9


https://standardsiso.com/api/?name=0ed5a942bd90fa399da2287cf6a4628e

IS0 9211-1:2018(E)
Annex A
(informative)

Micrographs of common types of coating imperfections

This annex gives micrographs of common types of coating imperfections. See Figures A.1 to A.16.

gié’ure A.1 — Pinhole
O
O

10 © ISO 2018 - All rights reserved
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Figure A.2 — Sp tQ‘
;§\

Figure A.3 — Particle

© ISO 2018 - All rights reserved 11
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Figure A.4 — Fine dust QQ
S

Figure A.5 — Nodule

12 © ISO 2018 - All rights reserved
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Figure A.6 — Scrat&@s
S

Figure A.7 — Hairline scratch

© ISO 2018 - All rights reserved 13
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™
L

Figure A.8 — Crack
~N

Figure A.9 — Crazing

14 © ISO 2018 - All rights reserved
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