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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task 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

International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn 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 9211-2 was prepared by Technical Committee ISO/TC 172, Optics and photonics, Subcommittee SC 3,
Optical materials and components.

This second edition cancels and replaces the first edition (1ISO 9211-2:1994) which has been technically
revised.

ISO 9211 consists of the following parts, under the general title Optics and photonics — Optical coatings:
— Part 1: Definitions

— Part 2: Optical properties

— Part 3: Environmental durability

— Part 4: Specific test methods
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Optics and photonics — Optical coatings —

Part 2:
Optical properties

1 Scope

ISO 9211 identifies surface treatments of components and substrates excluding ophthalmic optics
(spectacles) by the application of optical coatings and gives a standard form for their specification. It defines
the general characteristics and the test and measurement methods whenever necessary, but is not intended
to define the process method.

This part of ISO 9211 indicates how to specify optical properties of coatings and to represent their spectral
characterization graphically.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 9211-1, Optics and photonics — Optical coatings — Part 1: Definitions

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 9211-1 apply.

4 Optical properties to be specified

When specifying optical properties, the refractive indices of the incidence 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, unpolarized
radiation is assumed.

The optical properties (1), p(4), a(A), D(A) and A®d(4) 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 like scattering or colorimetric parameters etc. shall
be subject to agreement between supplier and user if appropriate.

5 Measurement conditions

The measurement conditions for the spectrophotometric characterization shall be subject to agreement
between supplier and user. 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
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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 part of ISO 9211 defines the rules for the spectrophotometric characterization of optical coatings.

6.2 Rules for the numerical specification of spectral characteristics

The general 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 < (upper limit term).
EXAMPLE 1 (lower limit term) < (spectral optical property term) < (upper limit term).

The inequality may contain only two terms if the spectral optical property needs to be bounded only on one
side.

EXAMPLE 2 (spectral optical property term) < (upper limit term) or (spectral optical property term) > (lower limit term).

Table 1 gives a schematic representation of elements necessary for the numerical specification of spectral
characteristics as shown in Table 2.

NOTE Unless otherwise specified, the symbols zand p denote the specular transmittance and reflectance.

Table 1 — Scheme of elements for the numerical specification of spectral characteristics

Wavelength
Lower limit Comparator Spectral | (or wavenumber) range Comparator Upper limit Z
. p optical or single wavelength P pper | represents
(subscript L) sign property (or wavenumber), sign (subscript U) any of
angle of incidence?
i=1,2,.. i=1,2,.. i=1,2,..
T p, o, D,
ZL; <or< VA (4;to 441, 6) or (4;, 6) <or< A AD or 5
7 p, oD,
Zi; - Z P <or< Z (4; to Aiq, 6) <or< Zyi = Zyin® Agbpor 5o
T, p, a, D, or
Zave Li <or < Zave (A to A1, 0) <or< Zave,Ui Ap(p or 5
Zs | <or< Zs (4;to Aiyq, O) or (4;, 6) <or< Zs ui 7, p, &, orD
Zsave Li <or < Zs ave (410 A1, 0) <or < Zs ave,Ui 7, p, &, Or D
ZoLi <or< Zy (A to Aiyq, O) or (4, 6) <or< Zp Ui 7, p, &, 0orD
Zp ave Li <or< Zp ave (4 to Ai1, O) <or< Zp ave,Ui Tz p,oo0rD
@  Each optical property can be specified for different wavelength (or wavenumber) ranges and/or different single wavelengths
(or wavenumbers), if necessary.
If the angle of incidence @ is not explicitly indicated, an angle of 0° is assumed.
For special applications, a range of angles of incidence (6, to 6) instead of a single angle can be specified.
If the angle of incidence @ is different from 0° or a range of angles is given, but neither s- nor p-polarization is defined, the
radiation is assumed to be unpolarized.
b The arrow — indicates a linear change of the tolerance limit from value Z| ;at A; to value Z ;4 at 414 (from value Zy;at 4; to value
Z\y;+1 at A;41, respectively).
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Table 2 — Numerical examples

Code designation? Spectral characteristics (numerical specification)
AB 0,75 — 0,60 < (500 nm to 600 nm) < 0,90 — 0,75
p (400 nm to 700 nm) > 0,98
RE Pave (400 nm to 700 nm) > 0,995
0,85 < 7(535 nm to 565 nm) < 0,95
FI-BP 7(400 nm to 515 nm) < 0,05
7(585 nm to 720 nm) < 0,15
89° < A® (10,6 um, 45°) < 91°
PC
£ (10,6 ym, 45°) > 0,97
Ps (450 nm to 650 nm, 45°) > 0,95
PO Pp (450 nm to 650 nm, 45°) < 0,05
@  The code designations are given in ISO 9211-1:2010, Table 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) on the abscissa, the spectral region in which the characteristics are specified as a function of wavelength,
A, in nanometres or micrometres, or wavenumber, g, in reciprocal centimetres;

b) on the ordinate, the values of the individual optical properties (7, 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 must be located shall be indicated on the graph with hatched areas outside of the
tolerance band. An alternative is the marking with triangles (A for the lower tolerance limit and V¥ for the
upper tolerance limit) at 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.9. 7,y¢ | < Zyye (44 10 4)) < Zyye U-

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 specification and actual
measurement. If appropriate, specified and measured upper, lower and/or average values can be combined in
one graphical representation. The curves, the limits, and the numerical values shown in the following figures
are only examples used for illustration. They shall not be taken as typical or standard values and limits.
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6.4.2 Reflecting function (RE)

The reflecting function shall be characterized by its lower tolerance limit, g , of spectral reflectance. The upper
tolerance limit, p;, should also be indicated if necessary.

NV

pave (/‘L1 tO /12’ 0) >pave,L

General designation:
RE p(dyqtodp, O)>p;...; i=1,2, ...

Numerical example:

RE p (400 nm to 700 nm, 25° to 35°) > 0,98
£ (730 nm to 770 nm, 25° to 35°) > 0,96
Pave (400 nm to 700 nm, 25° to 35°) > 0,995

A Ao Az 2y
Figure 1 — Reflecting function

6.4.3 Antireflecting function (AR)

The antireflecting function shall be characterized by its upper tolerance limit of spectral reflectance, p. If
necessary, the spectral transmittance with its lower tolerance limit, 7 , should be indicated.

General designation:
AR p(A4to Aiq, 0)<pi [ piql, - 5i=1,2, ...

Numerical example:
AR p (410 nm to 420 nm, 0° to 30°) < 0,01 > 0,005
p (420 nm to 600 nm, 0° to 30°) < 0,005
£ (600 nm to 640 nm, 0° to 30°) < 0,005 -> 0,015
Yoo pa p (905 nm, 0° to 30°) < 0,01

/11 12 ie’ 14 15

Figure 2 — Antireflecting function
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6.4.4 Beam splitting function (BS)

The beam splitting function shall be characterized by its upper and lower tolerance limits (7, 5, py, p) of
spectral transmittance and spectral reflectance. These two representations may be shown in separate graphs.

General designation:
BS TLi < T(;iQi—‘] to 221-, 6) < TUZ" .
PLi<p (A qtody, O)<pyp .- i=1,2, ..

Tu2

Tt Numerical example:
BS 0,25< 7(400 nm to 700 nm, 40° to 50°) < 0,35
0,45 < 7(905 nm, 40° to 50°) < 0,55
0,65 < p (400 nm to 700 nm, 40° to 50°) < 0,75

Tut |

L

A Ao A3
Figure 3 — Beam splitting function
6.4.5 Attenuating function (AT)

The attenuating function shall be characterized by its upper and lower tolerance limits (7, 7) of spectral
transmittance or spectral optical density (D, D, ).

NOTE Spectral optical density is related to spectral transmittance by the formula D(A) = — log 7 (4).

General designation:
AT DLi<D(ﬂ'2i—1 toﬂzi, 9)<DUi’ veey i:1,2,

Numerical example:
AT D (400 nm to 700 nm, 5°) < 0,1
3,0<D (905 nm, 5°) < 3,5

gt . |
11 12 /13
Figure 4 — Attenuating function
A Anan 5
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6.4.6 Filtering function (Fl)
Filtering functions can be subdivided into two different groups, namely
a) Filtering function of bandpass type (FI-BP)

The bandpass filtering function shall be characterized by its upper and lower tolerance limits of spectral
transmittance (7, 7 ) in the pass band and its upper limits of spectral transmittance (7,) in its blocking ranges.

/11 /12
tof YV
S EET H General designation:
FI-BP 7 <7(44to Ay, 6)< 7

T(22i+1 to //121~+2, 9)< TUZ" e l= 1, 2,

Numerical example:

FI-BP 0,85 < 7(535 nm to 565 nm, 0° to 5°) < 0,95
7(400 nm to 515 nm, 0° to 5°) < 0,1
7(585 nm to 700 nm, 0° to 5°) < 0,15

Tut|-
A3 As As Ag
Figure 5 — Filtering function of bandpass type
'N(,)ATE A If required, spectral characterization may be extended by using additional terms and definitions as described
in Annex A.

b) Filtering 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 (7, 7 ) in the rejection band (stop band) and its lower tolerance limits of spectral transmittance
(7;) in its transmitting ranges.

General designation:
FI-BR 7 <7(44tod, 6)< g

TLl-< T(//12H_1 to 221-_'_2, 6) R A 1, 2,

Numerical example:

FI-BR 0,05 < 7(535 nm to 565 nm) < 0,15
7(400 nm to 515 nm) > 0,90
7(585 nm to 700 nm) > 0,85

Figure 6 — Filtering function of band rejection type
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6.4.7 Selecting or combining function (SC)

Selecting functions can be subdivided into two different groups, namely

a) Selecting function of long pass type (SC-LP)

The long pass selecting function shall be characterized by its upper and lower tolerance limits of spectral

transmittance (7, 7 ) in the long wavelength pass range and its upper limits of spectral transmittance (z;) in
its short wavelength blocking range.

General designation:
SC-LP g <t(44to Ay, 6)< 7

7(22i+1 to //121~+2, 9)<TUZ~, veny i=1,2,
Numerical example:

SC-LP 0,85 < 7(560 nm to 700 nm, 8°) < 0,95
7(400 nm to 540 nm, 8°) < 0,1

Figure 7 — Selecting function of long pass type

NOTE If required, spectral characterization may be extended by using additional terms and definitions as described
in Annex A.

b) Selecting function of short pass type (SC-SP)
The short pass selecting function shall be characterized by its upper and lower tolerance limits of spectral

transmittance (7, 7 ) in the short wavelength pass range and its upper limits of spectral transmittance (7;) in
its long wavelength blocking range.

e 1

General designation:
SC-SP TL < T(/l—l to 22, 6) < TU

T(ﬂ’Zi+1 to ﬂ?i+2’ 9)<TUi’ cees i=1,2,
Numerical example:

SC-SP 0,85 < 7(400 nm to 540 nm) < 0,95
7(560 nm to 700 nm) < 0,1

—

A3 Ag

Figure 8 — Selecting function of short pass type

NOTE If required, spectral characterization may be extended by using additional terms and definitions as described
in Annex A.
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6.4.8 Polarizing function (PO)

The polarizing function shall be characterized by its upper and lower tolerance limits of spectral transmittance

and/or reflectance for s- and p-polarization (7, %, %, %L: Psus PsLs Ppus PpL)-

PsLf A

A

A2

General designation:

PO ¢ <z, (44to Ay, ) <1y,
oL < T (4410 Ay, ) < 75y
PsL < Ps (/11 to 22' 0) < Psu
PoL < Pp (410 Ay, ) < poy

Numerical example:

PO p; (450 nm to 650 nm, 45° to 50°) > 0,95
Pp (450 nm to 650 nm, 45° to 50°) < 0,05

Figure 9 — Polarizing function

6.4.9 Phase changing function (PC)

The phase changing function shall be characterized by its upper and lower tolerance limits of phase
retardation (A® ;, A® ).

L A ADy

AD,

A2

General designation:

PC A® <A® (1410 Ay, 6) < Ady,

Numerical example:

PC 89° < A®(10,5 pm to 10,7 um, 45°) < 97°

Figure 10 — Phase changing function
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6.4.10 Absorbing function (AB)

The absorbing function shall be characterized by its upper and lower tolerance limits of spectral absorptance
(o, o).

General designation:

AB 0f i 1 [P 0qp] < o (g1 t0 Ay, ) < oy q [P ayy2)), -
i=1,2,...

® u1

%u %u2 Numerical example:

“2 aAB 0,75 > 0,60 < (500 nm to 600 nm, 0°) < 0,90 - 0,75

Figure 11 — Absorbing function
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Annex A
(normative)

Supplementary terms and definitions for filtering and selecting functions

A.1 Filtering function of bandpass type

The bandpass filtering function can be additionally characterized by using terms and definitions as follows
(see Figure A.1):

1) 1, is the arithmetic average of upper and lower tolerance limits within the pass region.

Ty +7L
Tp=—F7—
A 2
2) 1, is the measured maximum value of spectral transmittance within the pass region.
3) Ay is the wavelength at which spectral transmittance equals 7.

For the subsequent terms and definitions it must be specified whether z, or g, will be used. The superscript ’
refers to the short wavelengths and the superscript ” to the long wavelengths of the bandpass.

4) Aps and 75 (edge wavelengths ¢ and A"g) are the wavelengths at which spectral transmittance
equals 0,57, or 0,57y.

5) Al s (full width at half maximum, FWHM) is the bandwidth defined by Ady 5= 4795 — 4 5.

6) Ac (centre wavelength) is the arithmetic average of a pair of wavelengths, 1’y 5 and 4" 5.

7) Aggand A"y g are the wavelengths at which spectral transmittance equals 0,87, or 0,87

8) Al g is the bandwidth defined by Ady g = A"5 g = 4 8

9) Ap05and 2%y o5 are the wavelengths at which spectral transmittance equals 0,057, or 0,057,
10) A4y s is the bandwidth defined by Adg o5 = 4" 95 — 49 05

11) 8’5 or 8y and §”4 or 87y, are the edge slopes defined by

, 0,8TA —0,057A , 0,8TM —0,0STM
Sa=—; ; or Spm=—; ;

A0,8A — 40,05A A0,8M — 40,05M

S,,A _ O,%TA —0,0”STA or S,'(/I _ O,?TM —0,0”STM

40,05 —40.8A 40,05M ~ 40,8M

12) X(0,05) and 47(0,05) are the wavelengths at which spectral transmittance equals 0,05 (absolute value of
spectral transmittance).

1N :
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13) I'por I'\yand Iy or I'”), are the relative transition widths in % defined by

_ Zbga — 4(0,05)

, A0,8m — 47(0,05)
FA - ’ = ;
7(0,05)

x 100 or I'jy = To0s 10

, _A0,05)- g8

_ 2(0,05)~ Af g
AT 27(0,05)

x 100 or I'fy = Tous) X 10

NOTE In earlier literature the designation “Slope” or “%Slope” is used for above definitions. But these designations
can lead to a misunderstanding of the real meaning of the equations, which give a measure for the width of the
wavelength range between the blocking region and the pass region in relation to the spectral position of the filter. The
smaller this value is, the steeper is the transmission curve of the filter.

14) The short and long wavelengths blocking ranges shall be defined according to 6.4.6 a).

NOTE All terms with the exception of z are additionally used for the characterization of bandpass filtering functions
and are given with tolerances.

Ay Aa
- Y Y -
A ; e N LR EEREE, TA
LR A\ o
0,87, :
0,57y [ " "
’1'0 8M *I(O,OE’) ' " A (0’05)_’1 08M
' - R ><1 M="""m ><100
M= 2(0,05) 2" (0,05)
I e\ v
| Y——— Y S i LN i
Ay 44 2'(0,05) 1, Ao 4"(0,05) 24 L
llE l"E
/1'0,8 j-"0,8
Figure A.1 — Filtering function (bandpass, 7, is used)
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A.2 Selecting functions of long pass and short pass type

The long and short pass selecting functions can be additionally characterized by using terms and definitions
as follows (see Figure A.2):

1)

2)

175 is the arithmetic average of upper and lower tolerance limits within the pass region.

=TU + 7L
2

4y is the measured maximum value of spectral transmittance within the pass region.

For the subsequent terms and definitions it must be specified whether 7, or 7, will be used.

3)
4)
5)

6)

7)

8)

9)

Copyright International Organization for Standardization

Ao,5 (edge wavelength 4g) is the wavelength at which spectral transmittance equals 0,574 or 0,57y.
4o g is the wavelength at which spectral transmittance equals 0,87, or 0,8 7y.

40,05 is the wavelength at which spectral transmittance equals 0,057, or 0,057y,

Sy or Sy, are the edge slopes defined by

O,STA — 0,057A _ O,STM — 0,0STM

rSM—

SA = [0}
408 — 40054 Ao.8M — 40,05M

A0,05) is the wavelength at which spectral transmittance equals 0,05 (absolute value of spectral
transmittance).

I, or I, are the relative transition widths in % defined by
Ao.sa —A4(0,05 Ao.gm — 40,05
A:|O,8A ( )| x1000rrM:|0,8M ( )|
A(0,05) A(0,05)

NOTE In earlier literature the designation “Slope” or “%Slope” is used for the above definition. But these
designations can lead to a misunderstanding of the real meaning of the equation, which gives a measure for the width
of the wavelength range between the blocking region and the pass region in relation to the spectral position of the
filter. The smaller this value is, the steeper is the transmission curve of the filter.

The blocking range shall be defined according to 6.4.7 a) or 6.4.7 b).

NOTE All terms with the exception of 7n are additionally used for the characterization of long pass and short pass
selecting functions and are given with tolerances.
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A A2
TM ................................................................. v """ v """ TU
(27N E i S ‘ """""""""""""" N
______ ‘L'L
0,8Tp e
 i,..—2(0,05
oo [\ | 1o 1009),
Lo E 2(0,05)
LT
] Sl |
Aq 2(0,05) 2o Am

e

Figure A.2 — Selecting function (example long pass, 7, is used)

AIAA ANAA Al
Copyright International Organization for Standardization ghtS reserved 1 3
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



I1ISO 9211-2:2010(E)

ICS 37.020

Price based on 13 pages

AIOA ANAA AT Lol
Copyright International Organization for Slandardization‘ved
Provided by IHS under license with ISO

No reproduction or networking permitted without license from IHS

Not for Resale



	Scope
	Normative references
	Terms and definitions
	Optical properties to be specified
	Measurement conditions
	Numerical specification and graphical representation of spec
	General
	Rules for the numerical specification of spectral characteri
	Rules for the graphical representation of spectral character
	Graphical representation of principal optical functions
	General
	Reflecting function (RE)
	Antireflecting function (AR)
	Beam splitting function (BS)
	Attenuating function (AT)
	Filtering function (FI)
	Selecting or combining function (SC)
	Polarizing function (PO)
	Phase changing function (PC)
	Absorbing function (AB)



