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Optics and optical instruments — Optical coatings —

Part|2:
Optig¢al properties

1 Scdpe

ISO 9211 identifies surface treatments of com-
ponents [and substrates excluding ophthalmic optics
(spectacles) by the application of optical coatings and
gives a gtandard form for their specification. It defines
the gengral characteristics and the test and measure-
ment mgthods whenever necessary, but is not in-
tended tp define the process method.

This parf of ISO 9211 indicates how to specify optical
propertigs of coatings and to represent their spectral
charactefisation. It also gives recommendations for
specificdtions in drawings.

2 Normative reference

The follpwing standard contains ™ provisions which,
through |reference in this téxt,“constitute provisions
of this part of ISO 9211. At'the time of publication, the
edition ihdicated was valid. All standards are subject
to revisipn, and parties to agreements based on this
part of [SO 9211 are encouraged to investigate the
possibilify of applying the most recent edition of the
standard indicated below. Members of IEC and ISO
maintain| ‘régisters of currently valid International

4 Optical properties to be spe

The opticat~properties of a coating and

erating €gnditions shall be specified in a
mat by using table1 in order to prd
prehensive description of a coating with
miAimum optical properties, and to thg
ditions in which the coating is intendeq
Entries into the spaces provided in the

gion 1”, "Region 2", etc., shall be com
numerical value with tolerances or a co
(<; >; =) if appropriate, and the unit. Spg
intentionally shall be marked with a hy
slash (/).

5 Measurement conditions

cified

ts optical op-
standard for-
vide a com-
regard to its
optical con-
to be used.
columns “Re-
pleted with a
mparator sign
ces left blank
phen (-) or a

The measurement conditions for

the spec-

Standards.

ISO 9211-1:1994, Optics and optical instruments —
Optical coatings — Part 1: Definitions.

3 Definitions

For the purposes of this part of ISO 9211, the defi-
nitions given in ISO 9211-1 apply.

trophotometric characterization shall be subject to
agreement between supplier and user. These con-
ditions depend on the principle of the measurement
method and the instruments used, including the angle
of incidence, the cone angle aperture, the state of
polarization, the spectral range and bandwidth of the
measurement beam, etc. and shall be recorded in
sufficient detail to enable duplication of the measure-
ment.
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Table 1 — Conditions and optical properties to be specified
Spectral range
Region 1 Region 2 Region n

Conditions Wavelength range

Incident medium?
Refractive index

Emergent medium™
Refractive index

Angle of incidence

Cone angle of aperture

Useful area or clear aperture

Rim

Polarization of incident radiation

Optical Transmittance?)
properties Reflectance3)
Absorptance#
Scatter4

Colorimetric parametersS!

Polarization of emergent radiation

Phase difference between § and P
vectors of emergent radiation

Supplementary
properties

1) Either ong of these can be the substrate.

3) Per coatgd surface.

4) Measurefnent procedures to be specified)

2) Measured through the coated optical component/or a specified witness sample.

5) For visua| applications colorimetric-parameters may be used instead of reflectance and transmittance.

6 Graphical representation of spectral
characteristics

This part of 15079211 defines the rules for the spec-
trophotometric Characterization of optical coatings.

6.1.2 The spectrophotometric characterizafion con-

sists of indicating the following in a graph:

a)

On the abscissa, the spectral region in which the
characteristics are specified as a function of

NOTE 1  Drawings are in accordance with the specifica-
tions given in the series of standards ISO 10110:—"), Optics
and optical instruments — Preparation of drawings for op-
tical elements and systems.

6.1 Rules for the graphical representation

6.1.1 The optical properties of the coating to be
specified are given in table 1.

1) To be published.

wavelength (1) In nanometres or micrometres, or
wavenumber (o) in reciprocal centimetres;

on the ordinate,

the value of transmittance

and/or reflectance and/or absorptance andjor op-
tical density and/or phase and/or scatter within
the spectral region.
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6.1.3 The upper andjor lower tolerance limits (indi-
cated by subscripts U and L respectively) within which
the spectral curve must be located shall be indicated
on the graph with hatched areas outside of the toler-
ance band if necessary. The average value, if speci-
fied, can be represented by a distinct line or chain of
symbols indicated by the subscript “ave”. The aver-
age values can also be represented with an upper and
lower limit indicated by subscripts “"avey” and
“ave|" respectively.

ISO 9211-2:1994(E)

shown in figure 1. The upper tolerance (p,) should
also be indicated if necessary.

P

6.1.4 |If[the coating is employed in several spectral
regions, [the characterization of the function in those
different|regions may appear on the same represen-
tation. Using different scales is permitted if necess-

ary.

6.1.5 The spectrophotometric values shall corre-
spond tp the specified conditions of use. If the
measurement requires different conditions, these
shall be hoted on the graph.

NOTES

2 The lifnits shown in the graphs are only examples used
for illustrdtion. They should not be taken as typical or stan-
dard limitk.

3 It is recommended that an illustration of the measure-
ment geojmetry be included on the spectral graph. Examples
are showh in annex A.

6.2 Format of graphical representation

The follgwing graphical representations of various op-
tical fungtions can be used for specification and actual
measurejment. If appropriate, speecified and measured
upper, Igwer, and/or average-valles can be combined
in one gfaphical representation. Examples are shown
in annex| B.

NOTE 4 | In the characterization of various optical func-
tions, thel tolerancelNimits of reflectance (p), transmittance
(r), wavelength~(2), etc. can be replaced by those of aver-
age values (pave' Taver 'lave' etc.).

A A,

Figure .1->— Reflecting function

6.2.2 Antireflecting function

The"antireflecting function shall be charagterized by its
upper tolerance limit (py) of spectral r¢flectance, as
shown in figure2. If necessary, the fransmittance
with its lower tolerance limits (z,) should be indicated
on the same drawing.

Ty

Pu

6.2.1 Reflecting function

The reflecting function shall be characterized by its
lower tolerance limit (p.) of spectral reflectance, as

Figure 2 — Antireflecting function
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6.2.3 Beam splitting function

The beam splitting function shall be characterized by
its upper and lower tolerance limits (ty, 1., py, p|) of
spectral transmittance and reflectance, as shown in
figure 3. These two representations can be shown in
separate graphs.

© SO

6.2.5 Filtering function

The filtering function shall be characterized by 1, or
v Amaxe Acs Algs @nd Aldg , with tolerance limits, and
T, Agg S" and §” (see figure 5), as follows:

_I) TU + TL
-
a A 2
~
l Ty y where
Ty is the upper tolerance limit for\rfaximum
T transmittance;
‘ 7L is the lower tolerance limit for mJaximum
transmittance.
Pu
2) 1y is the measured” maximum value of
‘ oL transmittance.
A A A A NOTE 5 Whether 1{0r 1), will be used must be $pecified.

4___—A

Figur¢ 3 — Beam splitting function

6.2.4 Attentiating function

The attenuating function shall be characterized by its
upper and loyver tolerance limits (ry, ) of spectral
transmittance| (or optical density), as shown (in
figure 4.

3) Anax  is <thé  wavelength at which |spectral
transmittance equals ty,.

4) ANpg'and 17y g are the wavelengths at which the
spectral transmittance equals 0,51, or 0,51y, which-
ever is specified.

5) Alys is the bandwidth (or half bandwidth) defined
by Adgs = A"05 ~ Xos-

6) ¢ is the arithmetic average of a pair gf wave-
lengths, 2’55 and A7y s.

z 7) Xog Ao and Ay, are the wavelengths gt which
S % transmittance equals 0,8t, or 0,81y, 0,214 ¢r 0,27y,
2T and 0,11, or 0,11y, respectively.
1. 8) Aly, is the bandwidth  defingd by
Ao =A"01 = Ao
9) § and S” are the edge slopes defined by
o 0'871\ orM — O'ZTA or M
1,018% or M - /1’0:2'% or M
Ay Az

NOTE — Optical density is related to the transmittance by
the formula

D(2) = — log (4)

Figure 4 — Attenuating function

and

S = O'8":A orM O'ZIA or M

1
208t

rn
A 02thom

10) 1, is the upper limit of the spectral transmittance
of the blocking range, 1, to 4, and 1, to g.
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Ty L
Ty
081y
~
0571y
| ‘ 4
0.2y : J N/
To | | | |
A4 Ay A3 Ngs As A5 A Aq Ag

6.2.6 Selecting function

The selegting function shall be characterized by 1, or
1y, and g5 with tolerance limits and Agg, 192, 1, and
S (see figure 6), as follows:

yt+T
1) 10= _U?_'—_
where
Ty is the upper tolerance limit for maximum
transmittance of the first peak adjacent-to
the edge;
7 is the lower tolerance limit for-maximum
transmittance of the first péak ‘adjacent to
the edge.

2) 1y |is the measured (raximum value of
transmit{ance of the first peakladjacent to the edge.

NOTE 6 | Whether 1, orgiy/Will be used must be specified.
3) 1,5 Is the edge/wavelength at which the spectral
transmitfancesis-equal to 0,514 or 0,51y, whichever is
specified.

————.—A

Figure 5 — Filtering function

O'STA or'M/ ™ O,ZTA or M

SaorM =
llOvB"A oM ;LO.ZTA«»M I
r Z. L
u
< T
s 177777 7 %
~ 0871y
0571y
0271y
To [ |
A4 Az Aols A3 A, As

—_— )

NOTE — The reflectance p can be specifigd (substituted
for 1) to characterize the selecting function in all or in spe-
cific wavelength regions.

Figure 6 — Selecting functijon

4) 1, is the edge wavelength at which the spectral
transmittance is equal to 0,8t, or 0,87y, whichever is
specified.

5) g, is the edge wavelength at which the spectral
transmittance is equal to 0,27, or 0,21y, whichever is
specified.

6) 1, is the upper limit of the spectral transmittance
of the blocking range, 14 to 4s.

7)  Saorm IS the edge slope defined as

6.2.7 Polarizing function

The polarizing function shall be characterized by its
upper and lower tolerance limits (tpy, ppy. €tc.) of
spectral transmittance and/or reflectance for both
polarization components, § and P, as shown in
figure 7.
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Y4

22,

Figufe 7 — Polarizing function

6.2.8 Phase-]hanging function

The phase-cha
its upper and
ence between
defined by A®

Ay Az A As
__—A

__.—.A

Figure 8 — Phase-changing function

6.2.9 Absorbing\function
ging function shall be characterized by

ower tolerance limits of phase differ- The absorbing function shall be characterized
P and S components (A®y, AP ; AD is upper and-lower tolerance limits (o, o) of §
= @p — @g), as shown in figure 8. absorptarice, as shown in figure 9.

X

A Ay A3 A

,_._._.—A

Figure 9 — Absorbing function

by its
pectral
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Examples of recommended spectral geometry

Figures A.1 to A.6 give examples of recommended

spectralgeerretry—Hustrated—en—spectral—graph—or
separatg drawing (unless otherwise specified, unpo- : N ¢/~
larized radiation is implied). \</ /
"2
N A Ny v/-
) i 27 ’/// ;7 -
S/ § ~ / % st
P, (A) N\ A\ n,
n, v/_ A K2
nd 7,7 1
N V2 Ng - Vo - = -
N s 2 2 2 F/n, 2, sin i
l G/2 Mo . . .
black c Figure A.3 — Transmittance, coni¢al, normal
incidence
Figute A.1 — Reflectance, collimated beam
N
N —
fl..
. P,
oo |/ -
n, A {
P - -
,_2 < /’// 7 ////’ 75i -~
v/ ny (& Ny A / —/A
gns . < 7 NK Ve - T )
Ny _/A A
P N ] . . . .
2 \ Figure A.4 — Transmittance, conigal, oblique
T incidence
Figure A.2 — Transmittance, collimated beam
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Figure¢ A.5 — Beamsplitter, plate P,
P
t

Figure A.6 — Beamsplitter, cube
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Annex B
(informative)

Numerical examples of spectral graphs (recommended formats)

Figures B.1 to B.4 give numerical examples of spectral graphs.

vl' = 105°
1

Q L N p

P, I~

n

V/_ o XYZ B
A 7 nsﬁ
___— 0.96 max.

400 450 500 550 600 650 700

NOTE — Reflectance values are measured values.

Figure B.1 — Reflecting function
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0.95 — - 0,95 min.

i =10°
0.41 - t =1mm
ng=4.0003at 10 um (Ge)
0 T T T T T
7 8 9 10 1 12 13
A, Hm

Figure B.2 — Antireflecting function

10
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