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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Optics and photonics — Optical coatings —

Part 2:

Optical properties

1 Scop

This docu
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ment indicates how to specify optical properties of coatings and to represent the
zation graphically in the ISO 9211 series, which defines the specifications for lopticg
bphthalmic optics (spectacles). It defines the general characteristics and the test’and me
rhenever necessary, but is not intended to define the process method.
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nts of this document. For dated references, only the edition-cited applies. For undated 1
bdition of the referenced document (including any amendinents) applies.

, Optics and photonics — Optical coatings — Part 1: Vacabulary

Optics and photonics — Measurement of reflectance of plane surfaces and transmittan
mentsl

, Optics and photonics — Spectroscopic measurement methods for integrated scatterin
tical elements
s and definitions

rposes of this document,the'terms and definitions given in ISO 9211-1 and the folloy
[ions apply.

ectropedjaiavailable at https://www.electropedia.org/

4 Opti([al properties to be specified

C maintain terminglogy databases for use in standardization at the following addresses:

r spectral
1l coatings
hsurement

onstitutes
eferences,

ce of plane

g by plane

ing terms

When specifying optical properties, the refractive indices of the incident medium and the emergent medium
shall be given. The polarization state of the incident radiation shall also be indicated if the angle of incidence,
0, is different from zero or a range of angles of incidence is given. If there is no indication of polarization,
unpolarized radiation is assumed.

The optical properties 7(A), p(4), a(A) (or alternatively T(A), R(A) and A(A)), D(A) and A®(A) of a coating
shall be specified by using the formulation given and explained in 6.2 in order to provide a comprehensive
description of a coating with regard to its minimum set of optical properties. Other optical properties such
as scattering or colorimetric parameters etc. shall be subject to agreement between manufacturer and
customer if appropriate.

If the coating optical properties are required to be achieved at a specific temperature or range of
temperatures, this shall be indicated with a note.

© IS0 2024 - All rights reserved
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5 Measurement conditions

The measurement conditions for the spectrophotometric characterization shall be in accordance with
[SO 15368,1S0 19962 or an equivalent method. These conditions depend on the principle of the measurement
method and the instruments used, including the angle of incidence, the state of polarization, the spectral
range and bandwidth of the measurement beam, etc. and shall be recorded in sufficient detail to enable
verification of the measurement.

6 Numerical specification and graphical representation of spectral characteristics

6.1 General

This docujsent defines the rules for the spectrophotometric characterization of optical coatings:|If no units
are given for wavelength, the units are assumed to be nanometres. The limit values of 7, p and\@’afe unitless.

6.2 Rules for the numerical specification of spectral characteristics

The generpl structure of a numerical specification, as distinguished from a graphical specification, of a
spectral optical property shall follow the structure of an inequality with the following terms:

(lower limit term) < or < (spectral optical property term) < or < (uppet:limit term).

If both a lower limit term and an upper limit term are used, the lower linit will always come first. If a specific
wavelength increment has to be used, this shall be specified in a nate:

EXAMPLE] 0,85 < p(380 nm to 450 nm, 45°) < 0,95

The subscript “ave” or “avg” is used to denote the spectrallharacteristic average across the spe¢tral band.
If no subsdript is used, the spectral characteristic is required to meet the specification at all wav¢lengths in
the specified spectral band.

EXAMPLE ’ 19<D,_,.(350nmto1100nm) <211

ave

If a range|of angles is indicated, the spectral.characteristic is required to meet the specificatipn over all
angles ind|cated. If a specific angle increment'is to be used, this shall be specified in a note.

EXAMPLE 3 0,45 < 7(1,064 um, 35° to.55) < 0,65

The inequality may contain only twoé terms if the spectral optical property needs to be bounded dnly on one
side. If no Ninits are given for the wavelength range, the wavelengths are assumed to be in nm.

EXAMPLE 4 R(400 to 700,'99to 35°) < 0,02
If only a lower limit termis used, the comparator sign may be reversed for clarity
EXAMPLE Tavg(0,4 pum to 0,65 pm) = 0,98

If a range pfangles is indicated with a spectral characteristic average, the spectral characteristiclaverage is
required tomeet the cpp(‘iﬁr‘n‘rinn aver all nnglpc If the Qppr‘frnl characteristic is intended to heé averaged

over both wavelength and angle, this shall be indicated with a note.

EXAMPLE6 R,,.(0,38 umto 0,95 um, 0° to 10°) < 0,04
An arrow (=) is used to indicate a linear change of the specification over the indicated spectral range.
EXAMPLE7 0,75- 0,60 <a (700 nmto 1 100 nm) < 0,90 = 0,75

Table 1 gives a schematic representation of elements necessary for the numerical specification of spectral
characteristics, where (upper case) Z is used to indicate the coating property such as 1, p, etc., and (lower
case) z indicates a lower or upper allowed value of Z. A coating may require more than one spectral
characteristic specification. Specific examples for some common coating types are shown in Table 2.

© IS0 2024 - All rights reserved
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Table 1 — Scheme of elements for the numerical specification of spectral characteristics

Wavelength
(or wavenumber)
_— Spectral . _— Z
Lower limit | Comparator . range or single wave- | Comparator | Upper limit
. . optical . : represents
(subscript L) sign length sign (subscript U)
property any of
(or wavenumber),
angle of incidence?
i=1,2,.. i=1,2,.. i=1,2,..
ZL <ors Z (A;to A4, 8) or (4, 6) <ors Zy; Z’di)),o{f’ ,8?1;
7,p,, D,
Z1i = Z1iag® <ors Z (A to A, 6) <ors Zy; = Zyja A'ri)or 5P
T|p, a, D,
Zave,Li <ors Zave (Ai to Ai+1' 9) <ors Zave,Ui AP or §@
Zg Li <ors Z (Ajto A4, 0) or (4, 6) <ors Zg ui T,p, aor D
Zg aveLf <ors Zs ave (Ajto A4, 0) <ors Zg ave Ui T,p,aor D
Zy Li <ors Z, (Ajto A4, 0) or (4, 6) <ors Zg ui T,p,aor D
Zy avelf <ors Zy, ave (Ajto A4, 0) <ors Zy, ave Ui T,p,aor D
a  Eachoptical property may be specified for different wavelength (or wavenumber) ranges.and/or different single yvavelengths
(or wavenumnbers), if necessary.
If the angle of incidence 6 is not explicitly indicated, an angle of 0° is assumed.
For somje applications, a range of angles of incidence (6, to 6,) instead of 4 single angle may be specified. Whep a range of
angles of in¢idence is specified, the spectral performance shall be achieved foinall'angles indicated.
If the angle of incidence 6 is different from 0° or a range of angles is given, but neither s- nor p-polarization is [defined, the
radiation ispssumed to be unpolarized.
b The arfow - indicates a linear change of the tolerance limit front value z;; at A, to value z;;,; at A;,; (from valde z;; at A; to
value zy;,1 at A;,4, respectively).

Table 2 — Numerical examples

Code designation? Spectral characteristics (numerical specification)
AB 0,75-70,60 <a (500 nm to 600 nm) < 0,90 - 0,75
RE p(400 nm to 700 nm) > 0,98

Pave (400 nm to 700 nm) = 0,995
0,85 <t (535 nmto 565 nm) < 0,95
FI-BP 7(400 nm to 515 nm) < 0,05
(585 nmto 720 nm) < 0,15
e 89° < A® (10,6 pm, 45°) < 91°
p(10,6 pm, 45°) > 0,97
ps (450 nm to 650 nm, 45°) > 0,95
PO
pp (450 nm to 650 nm, 45°) < 0,05

a The code designations are given in ISO 9211-1.

6.3 Rules for the graphical representation of spectral characteristics

6.3.1 Spectrophotometric characterization consists of indicating the following in a graph:

a) ontheabscissa, the spectral region in which the characteristics are specified as a function of wavelength,

A inn

anometres or micrometres, or wavenumber, g, in reciprocal centimetres;

b) on the ordinate, the values of the individual optical properties (z, p, @, D or A®).

6.3.2 The upper and/or lower tolerance limits (indicated by subscripts U and L respectively) within
which the spectral characteristics which are to be indicated on the graph with hatched areas outside of the

© IS0 2024 - All rights reserved
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tolerance band. An alternative is the marking with triangles (A for the lower tolerance limit and ¥ for the
upper tolerance limit) at either or both edges of the corresponding tolerance band. This way of marking is
especially suited for tolerance limits at defined single wavelengths. If average values are specified, this shall

be indicated as text on the graph, e.g. Ty, 1, < Taye (A1 10 A3) < Type -

6.3.3 If the coating is employed in several spectral regions, the characterization of the function in those
different regions may appear on the same representation. Using different scales is permitted if necessary.

6.4 Graphical representation of principal optical functions

6.4.1 General

The following graphical representations of principal optical functions shall be used for specififation and
actual measurement. If appropriate, specified and measured upper, lower, and/or average-values may be
combined [in one graphical representation. The curves, the limits, and the numerical values shgwn in the
following figures are only examples used for illustration. They shall not be taken as typical or standard
values and limits.

A combindtion of spectral properties, e.g., T and p, may be shown in the same graphical representation. See
the beam g¢plitting function graphical representation for an example of this.

6.4.2 Rdflecting function (RE)

The reflecting function shall be characterized by its lower tolerargedimit, p;, of spectral reflectance. The
upper tolefance limit, py;, should also be indicated if necessary, see.Figure 1.

General dgsignation:

RE  p(Api1tor,,0)>p;.5i=1,2, ..
Numericall example:

RE  p (490 nm to 700 nm, 25° to 35°) > 0,98
p (7BOnm to 770 nm, 25° to 35°)s> 0,96

(400 nm to 700 nm, 25%t0-35°) > 0,995

p ave

© IS0 2024 - All rights reserved
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Al v
20 N
ol H -- A A

pave(Al to A2‘ 0) > pave,L

6.4.3 Antireflecting function (AR)

The antire

necessary,
General dg
AR p(A
Numericall
AR p(4
p 4
p 6
p 9

Figure 1 — Reflecting function

flecting function shall be characterized by its upper tolerance limit of spectral reflect

the spectral transmittance with its lower tolerance limit, 7;, may be indicated, see Fig
signation:

toA;1, 0) <p;i[= Pl 1=1,2, ...

example:

|0 nm to 420 nm, 0° to 30°) < 0,01~=-0,005

P0 nm to 600 nm, 0° to 30°) <.0,005
DO nm to 640 nm, 0° to 30%)'< 0,005 — 0,015
D5 nm, 0° to 30°) <0,01

hnce, py. If
ire 2.

© IS0 2024 - All rights reserved
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Figure 2 — Antireflecting function

6.4.4 Begam splitting function (BS)

The beam|splitting function shall be characterized by its upperand lower tolerance limits (ty,| 7y, py, PL)
of spectra] transmittance and spectral reflectance. These two.nepresentations may be shown ip separate
graphs, seg Figure 3.

General dgsignation:

A

BS 7,97 (Agi1 to Ay, O) < Ty s

A

pLidp Ay to Ay, ) <pyp s i=1,2,..

Numericall example:

BS 0,23 <71 (0,4 pm to 0,7 pm, 40¢tp' 50°) < 0,35
0,45 < 7 (0,9 pm, 40° to 50°) < 0,55

0,653 <p (0,4 pm to 057m, 40° to 50°) < 0,75

© IS0 2024 - All rights reserved
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6.4.5

The attenyating function shall be characterized by its upper and lewer tolerance limits (zy, 7;)
transmitta

NOTE

General de

AT

Numerical

AT

ISO 9211-2:2024(en)

At

Dy s

1

D4

3,0 1

ol v
e
7, FAY
i 2
A A A

Figure 3 — Beam splitting function

tenuating function (AT)

nce or spectral optical density (Dy, D;), see Figure 4.

bpectral optical density is related to spectral transmittance by the formula D(A) = - logt(A).
signation:

£ D (Ay;1t0 Ay, 0) <Dy 5 i=1,2,...

example:

00 nm to 700 nm, 5°) < 0,1

£ D (905 nm, 5°) < 3,5

bf spectral

© IS0 2024 - All rights reserved
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a) Filter

The bandp
transmittd
ranges, se

General de

FI-BP 1

~

Numerical
FI-BP q
i

T
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e Figure 5.

example:

signation:

U1

~
> L1
N

[

2 3

Figure 4 — Attenuating function

tering function (FI)
inctions can be subdivided into two different groups, namely
ing function of bandpass type (FI-BP)

ass filtering function shall be characterized by-its upper and lower tolerance limits
nce (ty, 7) in the pass band and its upper hmits of spectral transmittance (zy) in it

L<T(AjtoA,, 0) <1y

(A1 10 Agiin, O) < Ty vy I3, 2, ..

,85 < 7 (535 nm t6:565 nm, 0° to 5°) < 0,95
(400 nm to515nm, 0° to 5°) < 0,1

(585 nmxto 700 nm, 0° to 5°) < 0,15

bf spectral
s blocking

© IS0 2024 - All rights reserved
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|
\ 4 v
Ik 8 R

A A A A

3 4 5 6

Figure 5 — Filtering function of bandpass type

Ifrequired, spectral characterization shall be extended by using additional¢erms and definitions afs specified
in Annex 4.

b) Filterjng function of band rejection type (FI-BR)

The band |rejection filtering function shall be characterized by 'its upper and lower tolerance limits of
spectral transmittance (ty, 1) in the rejection band (stop band) and its lower tolerance limits ¢f spectral
transmittgnce () in its transmitting ranges, see Figure 6.

General dgsignation:

FI-BR T, <T(A toA,y, 0) <1y

T, <T(Ay1t0Ay,0,0) si=1, 25
Numericallexample:

FI-BR 0,05 <t (535 nm to 565 nm) < 0,15
T (400 nm to 515 dm)™> 0,90

7 (585 nm to. 700 nm) > 0,85

© IS0 2024 - All rights reserved
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6.4.7 Se
Selecting f
a) Select

The long ¢
transmittd
in its shor

General de

SC-LP 1

~

Numerical
SC-LP

T
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Figure 6 — Filtering function of band rejection typé

lecting or combining function (SC)
unctions can be subdivided into two different groups, nandely
ing function of long pass type (SC-LP)

ass selecting function shall be characterized by ,it$ upper and lower tolerance limits

nce (ty, 7) in the long wavelength pass range and its upper limits of spectral transmit
wavelength blocking range, see Figure 7.

signation:
L <T(A;toA,, 0) <1y

(Azl_l to )LZI'+2’ 0) < TUi’ ey i= 1, 2,
example:
,85 <7 (560 nm to,Z00/nm, 8°) < 0,95

(400 nm to 540.am, 8°) < 0,1

bf spectral
tance (7y;)

© IS0 2024 - All rights reserved
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Ifrequired
in Annex 4.

b) Select

The short
transmittd
in its long

General de

SC-SP 1

~

Numerical
SC-SP q

T
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&

A

U1

A

4

3

Figure 7 — Selecting function of long pass type

, spectral characterization shall be extended by using additionalterms and definitions a

ing function of short pass type (SC-SP)

pass selecting function shall be characterized by its upper and lower tolerance limits
nce (ty, 7)) in the short wavelength pass range angiits upper limits of spectral transmit
wavelength blocking range, see Figure 8.

signation:

L <T(A toA,, 0) <1y

(A1 tO Agiin, O) < Ty s 1= 1, 257
example:

,85 <7 (400 nm to 540 om) < 0,95

(560 nm to 700 ni)< 0,1

s specified

bf spectral
tance (ty;,)
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If required

6.4.8 Pq

The polar
transmittg

General de
PO Tyl
Tyl

Psl
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signation:

' —

A, A

Figure 8 — Selecting function of short pass type

larizing function (PO)

<1, (A1 toA,, 0) <1y
<7, (A4 tody, 0) <1y

< Ps (Al to AZ' 9) <Psu

pp | < pp (Al to A2' 9) < ppU

Numerical

example:

PO P [450 nm to 650411, 45° to 50°) > 0,95

Pp|(450 nm t6;650 nm, 45° to 50°) < 0,05

, spectral characterization shall be extended by using additional¢erms and definitions a|
in Annex A.

izing function shall be characterized by its upper and lower tolerance limits o
nce and/or reflectance for s- and p-polarization. (g, T, Tpus Tpis Pswr Psis Ppu PpL)s S€E

s specified

f spectral
‘igure 9.
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6.4.9 Ph
The phassg

retardation (A®y, A, ), see Figure 10.

General de

PC Ad
Numerical

PC 89

Figure 9 — Polarizing function

ase changing function (PC)

changing function shall be characterized by its upper and lower tolerance limit;

signation:

L <A® (A to Ay, 0) < Ady
example:

P < Ad (10,5 pm to 10,7 pm, 45°)<97°

© IS0 2024 - All rights reserved
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A A

1 2

Figure 10 — Phase changing function

6.4.10 Absorbing function (AB)

The absorbing function shall be characterized by its upper and lower tolerance limits of spectral ak
(ay, a1), see Figure 11.

General dgsignation:
AB  appig [Pagy] <@ (Agi to Ay, 0) < aygpet [Payzd, 5 1= 1,2, ..
Numericall example:

AB 0,45 - 0,60 < a (500 to 600,0°) < 0,90 - 0,75

© IS0 2024 - All rights reserved
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Figure 11 — Absorbing function
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