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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-governmentab—h—Haisor—with—1SO—alse—take—part—in—the—work—SO—collaborates—closely—with the

THOO—toico— OOt oy

Internationall Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tgdsk of technical committees is to prepare International Standards. Draft International Standards
adopted by [the technical committees are circulated to the member bodies for voting.| Publication as an
Internationall Standard requires approval by at least 75 % of the member bodies casting a-vote.

Attention is rawn to the possibility that some of the elements of this document¢may be the subject of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 9211-1 was prepared by Technical Committee ISO/TC 172, Optics-and photonics, Subcommittee $C 3,
Optical matgrials and components.

This second edition cancels and replaces the first edition (1ISO©9211-1:1994), which has been techn|cally
revised.

ISO 9211 cgnsists of the following parts, under the generakltitle Optics and photonics — Optical coatings:
— Part 1: Definitions

— Part 2: Dptical properties

— Part 3: Environmental durability

— Part 4: Bpecific test methods
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INTERNATIONAL STANDARD I1ISO 9211-1:2010(E)

Optics and photonics — Optical coatings —

Part 1:
Definitions

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

1 BScope

ISO P211 identifies surface treatments of components and substrates excluding ophthalmic optics
(spegtacles) by the application of optical coatings and gives a standard form for their specificatign. It defines
the dgeneral characteristics and the test and measurement methods whenever necessary, but is pot intended
to ddfine the process method.

This|part of ISO 9211 defines terms relevant to optical coatings. These terms are grouped in four classes:
basi¢ definitions, definition of coatings by function, defihitions of common coating imperfectiorjs and other
definitions.

2 PBasic definitions

2.1 | Surface treatment

211
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

NOT The substtates are considered to be geometrically perfect and optically homogeneous. In reality] an assembly
madg up of a substfate-and a coating is identified and measured experimentally as an entity.

2.1.2
incident medium
medjum_from which the electromagnetic radiation enters the coating

213
emergent medium
medium into which the electromagnetic radiation exits the coating

NOTE Besides acting as mechanical support, the substrate carrying the coating physically can constitute the incident
medium and/or the emergent medium.

© 1SO 2010 — All rights reserved 1
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al properties of a coated surface

General

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 may be caused by

scattering.

NOTE 1

of the symbol.

The functional spectral dependency is generally indicated by writing the wavelength, 4, in parentheses as part

NOTE2 T
v=frequency|

ne wavelength (1) can be replaced by the wavenumber (o) or the photon energy (4v). h = Planckicon
The units recommended are the nanometre (nm) or the micrometre (um) for the wavelength, the_recij

centimetre (cih~') for the wavenumber and the electron volt (eV) for the photon energy.

222
spectral tra
7(4)

ratio of the s

ISO 80000-1
NOTE S

223
spectral ref

p(A)
ratio of the s
ISO 80000-1

224

hsmittance
pectral concentration of radiant or luminous flux transmitted to that of thelincident radiation
:2008, definition 7-22.3.

bectral transmittance is related to spectral optical density D(A1) by the formula: 7(1) = 10-D(4).

ectance
pectral concentration of radiant or luminous fluxsreflected, to that of the incident radiation

:2008, definition 7-22.2.

spectral absorptance

o(A)
ratio of the s

ISO 80000-1

2.25

pectral concentration of radiant or luminous flux absorbed, to that of the incident radiation

:2008, definition 7-22 1

spectral scattering

change of th
without any

NOTE1 T

e spatial disiribution of a beam of radiation spread in many directions by a surface or a me
change of frequency of the monochromatic components of which the radiation is composed

e quantities defined in 2.2.1.1 to 2.2.1.4 are interrelated as follows:

stant;
rocal

dium

1=7(A)Fp(A)+ A7)

with 7(4) =7, (1) +74(4)

()= pe(4)+pq(4)

where
10
pi(A)
2

is the regular spectral transmittance (specular);

is the regular spectral reflectance (specular);
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74(4) s the diffuse spectral transmittance (scattered);

py(4) s the diffuse spectral reflectance (scattered).

NOTE 2  If necessary, these values can be represented as an average over a wavelength range from 4, to 4, as
follows:
/1 m m
jlzr(ﬂ)dxi 2r(ana Yr(a)
Tave (4110 15) =4 ~ =] = =]
ave( 1 2) 22—11 2,2—2,1 m
where A/lz(/lz—/11)/nz.

2.2.6

refrgctive index

n(A)

ratio

of the velocity of propagation of electromagnetic radiation in a vacuum to ‘the velocity of pr

electromagnetic radiation in a medium

2.2,
angl
ang|

2.2.8

of incidence
b between the normal to the surface and the incident ray

plang of incidence

plan

23

A sU
refer

24

2.4.1

Whe
of pg
may
incid

2.4.2
lineg
pola

b incorporating the normal to the surface and the incident ray

Colorimetric parameters

rface for visual applications can be characterized by colorimetric parameters. These de
ence illumination source, the reference observer, and the optical properties of the surface.

Polarization

General

h a coating is used.at)an angle of incidence different from zero, its characteristics depend uy
larization of the_ihrcident radiation and it may influence the polarization state of the emergen

ence.

rly/polarized radiation
ization where the orientation of the electric field vector remains constant

ppagation of

pbend on the

on the state
I radiation. It

then be necessary to indicate the orientation of the electric field vector in relation to the plane of

NOTE 1 s-polarization refers to linear polarization where the electric field vector is perpendicular to
incidence.

NOTE 2  p-polarization refers to linear polarization where the electric field vector is parallel to the plane of

243

elliptically polarized radiation
polarization where the projection of the electric field vector on to a plane normal to the direction of propagation
describes an ellipse

© 1SO 2010 — All rights reserved
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circularly polarized radiation
polarization where the projection of the electric field vector on to a plane normal to the direction of propagation
describes a circle

2.4.5

randomly polarized radiation
polarization where the orientation of the electric field vector of linearly polarized radiation varies randomly with

time

2.4.6

unpolarize
radiation wh
where the a
is completel

2.5 Phas

2.51

radiation

ch has been resolved into any pair of orthogonal electric field vectors with varied phase diffen
erage magnitudes of the two orthogonal vectors are the same and their phase differerice ch
random

b relations

phase change

do
angle differg
wave with its

E=Ac
where
E st
A st
v st
t is t
A st
@ st
The electric

function give

nce, @ - @,, represents the phase change between an electremagnetic wave and a refer|
electric field vector given by

s 22 o)

ne electric field vector;

2nvt
A

he amplitude vector;

he velocity of propagation in the medium;
ne time;

ne wavelength in thelmedium;

e phase.

n by

ence
ange

ence

field atzafixed point in space due to an electromagnetic wave can be described by a pefiodic

Eq =ACOS£
A

2.5.2

2nvt

“o0]

phase retardation

AD

difference of phase change between the s- and p-components of the electric field vector, A®= dczip -da,.
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3 Definition of coatings by function

The coatings are defined according to their function, i.e. according to the nature of the principal modification to
the surface properties that they realize.

A coating intended to realize a principal function as defined in Table 1 can also include one or more
secondary functions. Their relative importance with regard to the principal function shall be indicated.

Table 1 — Definitions of coatings by function

Prinl:TpETfU'n'cﬂ'O'n__(.:'Qd'e. Definition Exa’?‘p"? of
designation adpllcatlon
Reflécting RE Coat!ng increasing the reflectance of an optical surface over a aserlmirror
specified wavelength range.
Coating reducing the reflectance of an optical surface over'a
Antifeflecting AR specified wavelength range and usually increasing the AR cdated lens
transmittance.
Coating separating the incident flux into two beams, one
transmitted and the other reflected, the energy-distribution of | Neutral
Beain splitting BS each beam reproducing the incident energy distribution in beamsplitter
essentially a non-selective manner, over a specified Partial reflector
wavelength range.
Attefuating AT Coathg reducing the transmlt_tgnce in essentially a non- Neutral density
selective manner over a specified wavelength range. filter
Filtefing Fl . . ) . . Laserline
Coating modifying the transmittance in a selective manner selection filter
a) Bandpass FI-BP I
L over a specified wavélength range.
b) Band rejection FI-BR Ramah notch filter
Dichrgic mirror
Selecting or SC Coating dividing the incident radiation flux into two or more )
compining beams eath one covering a limited spectral region and being | B&am|combiner
a) Long pass SC-LP propagated either by reflection or by transmission. The Cold light mirror
b) Short pass SC-SP reverse path combines beams of different spectral regions.
NIR cyit filter
Polariger
Polarizin PO Coating controlling the state of polarization of the emergent o
9 electromagnetic radiation, over a specified wavelength range. | Non-polarizing
beamsplitter
Coating controlling the phase change of the emergent
. electromagnetic radiation relative to the incident radiation,
Phage changing PC . Phaseg retarder
and/or the phase difference between s and p vectors, over a
specified wavelength range.
i i ifi inci Light frap
Absrbing AB Coat!ng absorbing a specified value of the incident flux over a
specified wavelength range. UV adsorber
Electrical
Coati idi tical rty; this function is oft conductivity
oating providing a non-optical property; this function is often .
Supplementary su combined with an optical function. Chemical or
mechanical
protection

© 1SO 2010 — All rights reserved 5
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4 Definitions of common coating imperfections

NOTE

given in Annex A.

4.1 Point

411
pinhole

-like imperfections

very small hole in the thin film

The inspection methods are described in ISO 9211-4 and 1SO 14997[2. Examples of coating imperfections are

4.1.2
spatter
imperfection
there in the

41.3
particle
small piece

414
fine dust
number (oftq

415

nodule
small lump (

4.2 Line-
4.21
scratches
marking or t
NOTE S

422

5 that result when small chunks of coating material fly on to the substrate surfacefand ad
toating process

pf matter on/in the film

n numerous) of small pieces of matter on/in the film

Lisually of coating material) in the film

ike imperfections

paring of a surface which looks as though it has been done by either a sharp or rough instrum

Cratches occur on optical surfaces.in all degrees from various accidental causes.

hairline scratch

very fine, sn

NOTE T

ooth scratch, usually-straight

ne hairline scratehvis characterized by its uniqueness and its straightness. Other scratches can be curvi

appear straigit or curved, multiple, adjacent or without contact.

4.2.3
crack
fracture in th

e“film

here

ent

Bd, or

424
crazing

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

4.3 Area-

4.3.1
stain

like imperfections

patchy, localized discoloration of the surface, e.g. caused by chemical reactions

© 1SO 2010 — All rights reserved
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4.3.2
abrasion
surface damage caused by rubbing against another surface

4.3.3
lint mark
remains of fabric or paper fibres on an optical surface

43.4
void
small uncoated area inside the region which is coated

4.4 | Volume-like imperfections

44.1
peeljng
partigl separation of thin film(s) originating from the peripheral zone of the coated area

4.4.2
flaking
partigl separation of thin film(s) originating from the inner region of the coated area

443
blister
bubble
inclusion under or within the coating, which lifts the film

5 DPther terms and definitions

5.1
cleal aperture
surfdce area to meet specifications

5.2
rim
any area outside of the clear apérture

5.3
witnpss sample
samples that represent the actual coated component used for spectral and environmental testing

NOTE Thé.details of witness samples and sampling procedures (e.g., material, surface texture, dimengions, number
per batch, position in the coating chamber, etc.) is subject to agreement between supplier and user.

© 1SO 2010 — All rights reserved 7
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Annex A
(informative)

Micrographs of common types of coating imperfection

This annex gives micrographs of common types of coating imperfections in Figures A.1 to A.16.
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\\Q
Figure A.2 — Sp\ﬁter
NS

Figure A.3 — Particle

©1S0 2010 — Al rights reserved 9
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\\Q
Figure A.4 — Fine dust\Q

&

Figure A.5 — Nodule

10 © IS0 2010 — All rights reserved
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Figure A.6 — Scratches

Figure A.7 — Hairline scratch

©1S0 2010 — Al rights reserved 11
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: \\<2
Figure A.8 — Crack &0
&

Figure A.9 — Crazing
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. \\<2
Figure A.10 —%}ln

&

Figure A.11 — Abrasion
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