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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

The optical properties of a bulk absorption filter 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 wavelength. Additional influences can be caused by scattering.

NOTE1 The functional spectral dependency is generally indicated by including the wavelength, A, in
parentheses as part of the symbol.

NOTE 2 The wavelength, 4, can be replaced by the wavenumber, o, or the photon energy, hv, h = Planck
constant; v = frequency. The units recommended are the nanometre (nm) or the micrometre (um) for the
wave]ength, the reciprocal centimetre (cm1) for the wavenumber and the electron volt (eV),fdr the photon
energy. Bulk absorption filters are defined according to their function, i.e. according to the natute offthe principal
modification of the spectral transmission (see Table 1).

© IS0 2021 - All rights reserved v
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Optics and Photonics — Bulk absorption optical filters

1

Scope

This document specifies filter functions of uncoated bulk absorption filters for optical applications
excluding ophthalmic optics (spectacles) and gives a standard form for their specification. Additionally,
basic_definitions and a description of the specification concerning optical bulk absorption filters are

given.

This|document specifies the optical properties of the filters and the test and meastiremsg
whenmever necessary.

Thisdocument does not specify any material properties (internal quality, homegeneity, etc
not apply to any production method.

This|document applies to both the raw material (filter glass, filter\plastics, etc.) and t
component.

NOTE1  Colorimetric parameters for the description of the filter fungtion are specified in e.g. ISO
[SO 1[1664-2.

NOTH 2  For filters where the spectral transmission characteristics are achieved by the applicat
coatings, see ISO 9211 series.

NOTE 3  Inthe case of high power applications, further optical effects may occur.

2
The

constitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

[SO 9211-1, Optics and photonigs — Optical coatings — Part 1: Vocabulary

For

termfs and definitions apply.

ISO gnd IEG-maintain terminological databases for use in standardization at the following z

3.1

Normative references

following documents are referred.to in the text in such a way that some or all of t

Terms and definitions

the purpose$<of this document, the terms and definitions given in ISO 9211-1 and tl

bnt methods

and it does

he polished

11664-1 and

ion of optical

heir content
applies. For
hts) applies.

ne following

ddresses:

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

IEC Electropedia: available at http://www.electropedia.org/.

Boundary conditions

3.1.1

optical surface
optically effective surface, into which the radiation enters the bulk absorption filter or from which it
leaves

Note 1 to entry: In general, bulk absorption filters are made as plane parallel plates and have two optical surfaces
which are opposite to each other.
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angle of incidence

0
angle betwe

en the normal to the optical surface and the incident ray

Note 1 to entry: Unless otherwise specified, the angle of incidence is equal to 0°; this means the incident rays are
normal to the optical surface.

[SOURCE: IS

3.1.3
thickness

09211-1:2018, 3.1.2.6, modified — Note 1 to entry was added.]

d
geometrical
the optical g

Note 1 to ent]
is equal to t
document ar
absorption fi

Note 2 to ent

3.14

witness sample

sample, wh
measureme

Note 1 to en
geometry, nu|

[SOURCE: I
“measuremd

3.2 Optig
3.2.1

spectral transmittance

T(A)
ratio of the {

Note 1 to ent
travel path o

[mber per batch) may be subject to the negotiation-between manufacturer and customer.

length that the radiation passes through the bulk absorption filter at normal ineiden
urfaces

ry: At normal incidence onto a plane parallel bulk absorption filter the path length-of the rad
he thickness, d, of the bulk absorption filter. All parameters and characteristic numbers o

e referenced to the case of normal incidence, when the path length and the tHickness of thq
ter are the same.

"y: For the case of non-normal incidence, the thickness is not equal to-the path length of the lig

ich represents the bulk absorption filter component and which is used for spsd
hts and environmental testing

[ry: The details about the witness sample and the measurement (i.e. material, surface cond

0 9211-1:2018, 3.1.1.6, modified — In the,note “sampling procedures” has been replac
nt”.]

al properties

pectral radiant fluxtransmitted to that of the incident radiant flux

'y: The spectraltransmittance is dependent on the internal absorption properties, especially d
the light, as well as on the optical properties of the surface.

Del 2

Dezl i\

ce to

ation
f this
bulk

ht.

ctral

ition,

ed by

n the

(M

cDeﬂ.,z

is the incident spectral radiant flux;

is the transmitted spectral radiant flux.

Note 2 to entry: See Figure 1.

Note 3 to entry: Wherever the Greek letter t is mistakable T’ may be used.

Note 4 to entry: If necessary, the transmittance can be represented as an average over a wavelength range from
A to A, as follows:
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A m "
Jzir(ﬂ.)d/l PIRIERIY! i > (%)

T to = =~ 2
welly t04y) = - SE L 2)
where
M= (2 = Ay)/m
Note 5 to entry: The subscript “ave” stands for “average”. As an alternative the subscript “avg” may be used.
Dern
I
i
I
I
I
Jj E—
e
e
Des2
NOTH The light falls onto the optical surface at nermal incidence, however, it is sketched at an gngle in order

to viqualize the surface reflection R. As such, path length of the light and geometrical thickness d arf the same.

Figure 1 — Sketch for depictingthe differences between transmittance and internal
transmittance

3.2.2
spectral internal transmitfance
7;(A)
ratio| of the spectral radiant flux arriving without reflection at the exit surface of the bulk absorption
filter] to that of the erftered radiation

Note [l to entry: Thé internal transmittance describes the properties inside the material, thus surface effects do
not hpve an influence.

w:n
1

Note P toehtry: The subscript “i” stands for “internal”.

7 (4) = d,“l”" (3)
eA,3

where

@, 5 isthe spectral radiant flux, which has entered the volume;

D,y 4 s the spectral radiant flux, which is going to leave the volume.

Note 3 to entry: For bulk absorption filters with a homogeneous distribution of absorption within the material
the following applies:

© IS0 2021 - All rights reserved 3
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he absorption coefficient;

he thickness of the bulk absorption filter.

From this context, the internal transmittance can be calculated for different thicknesses of the bulk absorption
filter (at normal incidence) by:

fidy = (

where

Note 4 to ent

3.2.3
cut-off wav

Ajo,s
wavelength
transmittan

Note 1 to ent

3.2.4
cut-off wav
Ao,s
wavelength
transmittan

Note 1 to ent
half of 7, or 1

3.2.5
spectral ab,
a(A)

ratio of the §

3.2.6
refractive i
n(A)

ratio of the ¥

4
dy

o))

(5)

the internal transmittance that corresponds to the thickness d; ;

the internal transmittance that corresponds to the thickness d, .
Fy: See Figure 1.

plength of the internal transmittance

in the transition between a region of high and a region of low transmittance, wher
ce has avalue of ;= 0,5

w:y
1

Fy: The subscript “i” stands for “internal”.

plength of the transmittance

in the transition between a region(of high and a region of low transmittance, wher
ce has avalue of 7= 0,5

ry: The Annex A of SO 9211-2 defines Ay 5 and 1" 5 as the wavelength where the transmitta
W respectively.

sorptance

pectral congentration of radiant flux absorbed to that of the incident radiation

ndex

elority of propagation of electromagnetic radiation in vacuum to the velocity of propag

b the

e the

hce is

htion

in a medium

[SOURCE: IS
3.2.7

09211-1]

reflection factor

P(Y)
ratio of spec

P(A) =

tral transmittance (3.2.1) to spectral internal transmittance (3.2.2)

(1)

7 (4)

(6)

Note 1 to entry: When neglecting diffuse scattering the following formula applies at normal incidence onto the
bulk absorption filter:

4
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2n(A)

n?(2) +1 <@

P(A) =

Note 2 to entry: Because the spectral dependency of P(A) is weak, a constant reflection factor is used in most
cases. Unless otherwise specified, a constant reflection factor is used, which is derived at the d-line (587,6 nm).

an
P= Pd =P(A =587,6 nm) = 5 (8)
ng + 1

Note 3 to entry: P is the Greek upper case letter Rho.

3.3 | Calculated parameters

3.3.1
spedtral optical density
D(2)
logattithm to the base 10 of the reciprocal of the spectral transmittance (3.2.1)
P(A) = lg—— 9)
®7(2)
3.3.2
spectral extinction
E(A)

logatfithm to the base 10 of the reciprocal of the spectral internal transmittance (3.2.2)

1 od

7,(A)  In(10) (10)

EA)=1g

Note |l to entry: Extinction = Absorbance. Sometimes letter 4 is used.

3.3.3
spectral diabatic transmittance
0(A)
a chdracterization of the spectralinternal transmittance (3.2.2) represented by the following formula:
(1) =1-1g|l 1 (11)
g 18 XD

Note [l to entry: Fontransformation of spectral internal transmittance and spectral diabatic trangmittance see
Anneix A.

3.34
luminous'transmittance
o |

ratio of the [uminous flux transmitted by an ocular or filter to the incident [uminous flux for a specified
illuminant and photopic vision

Note 1 to entry: This is usually expressed as a percentage and is calculated from the following formula:

J-780 nm

7, =100 x 2380 nm T(A) - Spes (A)- V(A) - dA
v =

80 e - V(A) - dA
nm D65( ) ( )

(12)

380
where

© IS0 2021 - All rights reserved 5
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is the wavelength of the light in nanometres;
is the spectral transmittance of the ocular or filter;

is the spectral luminous efficiency function for photopic vision;

Spes(A) isthe spectral distribution of incident radiation of CIE standard illuminant D65 (see ISO 11664-2).

Note 2 to entry: Although 7y is defined as above using the spectral distribution of standard illuminant D65, for
other purposes, Spg5(A) can be replaced by the spectral distribution of standard illuminant A or the relevant light

source.

Note 3 to en
given in ISO/

Note 4 to ent
Note 5 to ent

[SOURCE: IS
3.4 Defin

3.4.1 Atte

34.1.1
ND

code for a b
same ratio

3.4.2 Ban

3.4.2.1

BP

code forab
transmittan

3.4.3 Ban

3.4.31

BR

code forab
transmittan

3.4.4 Lon

ry: The values of the spectral radiation distribution of CIE standard illuminant D65, Spds(
CIE 11664-2.

y: The values of the spectral luminous efficiency function V(A) are given in ISO/CIE 11664-1.

ry: The values for the spectral weighting function, Sp.- (1) - V(4), are given inAnhex C.

0 4007:2012-05]
ition of bulk absorption filters by their function

nuating function

dpass function

ce in the neighbouring regions

drejecting function

11k absorptjoen filter which has low transmittance in a defined wavelength region and
ce in the'neighbouring regions

bpass function

1) are

ulk absorption filter which reduces the transmittance independent of wavelength at the

i1k absorption filter which has high transmittance in a defined wavelength region and low

high

3.4.4.1
LP

code for a bulk absorption filter which has high transmittance in the region of long wavelengths and
low transmittance in the region of short wavelengths

3.4.5 Shortpass function

3.4.5.1
Sp

code for a bulk absorption filter which has high transmittance in the region of short wavelengths and
low transmittance in the region of long wavelengths

© ISO 2021 - All rights reserved
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4 Measurement

4.1 General

The optical properties of a bulk absorption filter are defined by spectral radiometric values, see
Table 1. These values relate to energy which is transported by electromagnetic waves and they vary
as a function of the wavelength and the path length of the light. The polarization of the radiation is
not considered in this document. Additional effects may be caused by surface scattering or internal
scattering. Scattering effects are not considered in this document.

NOTE1 A change of the polarization can be caused in the case of non-normal incidence, in special materials or
via internal stresses of the material. All these effects are not considered here.

NOTHE 2  In order to check their optical properties, bulk absorption filters are usually polished orfimmersed in
oil tojeliminate the effect of the surface roughness.

Table 1 — Definition of bulk absorption filters by furniction

Code designa- Definition Example of appli-

Principal function tion cation

Bulk absorption filter which reduces'the transmit- |Neutrpl density

Attepuation ND tance independent of wavelength at the same ratio. |filter

Bulk absorption filter which/hds high transmittance
Bandpass BP in a defined wavelength region and low transmit- Green|filter
tance in the neighbourihg regions.

Bulk absorption filter'which has low transmittance
Band rejection BR in a defined wavelength region and high transmit-
tance in the neighbouring regions.

Rare garth doped
notchifilter

Bulk absorption filter which has high transmittance
Longpass LP in the region of long wavelengths and low transmit- |UV-cult filter
tancé.in the region of short wavelengths.

Bulk absorption filter which has high transmittance
Shorttpass SP imrthe region of short wavelengths and low trans- NIR-cqt filter
mittance in the region of long wavelengths.

4.2 | Measurement conditions

The jmeasurement cenditions for the spectrophotometric characterization shall be sybject to an
agreement betweernrsupplier and user. These conditions depend on the principle of the measurement
metHod and the ifistfuments used, including the angle of incidence, the thickness of the withess sample,
the gpectral range and bandwidth of the measurement beam, etc. and shall be recorded [in sufficient
detall to enable'verification of the measurement.

Anngx.B gives a recommendation about the choice of thickness for a witness sample in the cgse of strong
absolption

5 Numerical specification and graphical representation of spectral
characteristics

5.1 General

This document defines the rules for the spectrophotometric characterization of optical bulk absorption
filters. Because the spectral properties depend on the thickness d of the bulk absorption filter, a
specification for the thickness is required at least once. For different spectral properties different
thicknesses may be specified.

© IS0 2021 - All rights reserved 7
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When the specification is written for a raw material, then there is no tolerance to the thickness and the

thickness is

a reference value for the spectral characteristic, or vice versa.

When the specification is written for a finished polished filter component, then a tolerance for the

thickness m

NOTE

ust be given as well.

measurement of optical density.

5.2 Rules for the numerical specification of spectral characteristics

For high optical densities, the specification of thin witness sample is common, which enables a stable

5.2.1 Rul

The general
spectral opt

(lower limit]
EXAMPLE 1

The inequal
one side.

EXAMPLE 2
term, thicknd

Table 2 giv
spectral chg

Table 2

s for the spectral characteristics, 7, 7, Ty, a, E, D or 0

structure of a numerical specification, as distinguished from a graphical specification
ical property shall follow the structure of an inequality with the following:

term) < or < (spectral optical property term, thickness) < or < (upper lintit term)
(lower limit term) < (spectral optical property term, thickness) < (upper(limit term).

ty may contain only two terms if the spectral optical property needs to be bounded on
(spectral optical property term, thickness) < (upper limit term) or (spectral optical pro

ss) > (lower limit term)

bs a schematic representation of elements necessary for the numerical specificati
racteristics.

— Scheme of elements for the numericalspecification of spectral characteristic

,of a

ly on

perty

bn of

(subscript ]

Lower lim|

-

Z
represents
of

Comparator
sign

Spectral
optical
property

Wavelength range,
thickness
(or wavenumber range)
or single wavelength
(or wavenumber)?

Compar-
ator sign

Upper limit
(subscript U)

any

n=1,2,..

n=1,2,.. n=1,2,..

2y

n

T, T Ty @ E,

2 or @

<ors (A,tod, ., d)or (A, d)| <ors |Z

n

D

H
Zin =21

T, T Ty & E,

Z or@

<ors (A, t0 A, .1, d) <ors  |Zy, = Zyy 1P

D

Z

ave,Ln

T, T, Ty & E,

Z or@

ave

<., OL & (An to An 1 d) Zave,Un

<ors

D

a

Each opt
wavelengths

cal property can be specified for different wavelength (or wavenumber) ranges and/or different
or.wayvenumbers), if necessary.

b

The arrow

ingle

SO dicatac o lingar chanag afthatalaranecg it frapa yalyng 7 A+ ) to yalug (fraom ualy
e ) —he-toreralceHHeat AT tA—0YaT H-e—a+t

Z at 2
....... H WAt AT T T C =

at A, tovalue Z, , ; at A, , ; respectively).

e Zy,

5.2.2 Rules for the cut-off wavelength and peak transmittance

The cut-off wavelength 4;, 5 or the peak transmittance shall be given in conjunction with the acceptable
tolerances AA; and AA,.

Aigs(d) =4

+AA
AL,

(13)

© ISO 2021 - All rights reserved
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D (@) = A (14)

When AA =AA, =AA then the formula is simplified to
Aigs(d) =A £ AL (15)

A (d) =A*AA (16)

Timax

nm

|||||

Numerical example A, (3 mm) = 570 nm+r6)

Wheh more than one cut-off wavelength is specified, the cut-off wavelengths may be distinguished by
primle symbols. Where the cut-off wavelength with the shortest wavelength has arprime|symbol, the
cut-dff wavelength with the following longer wavelength has a double prime symbul,and s¢ forth.

}i05=570 nm = 6 nm
}"i0,5=1200 nm + 8 nm

}""0,5=2800nm 26 nm

5
=

¢ 3 lists some numerical examples.

Table 3 — Numerical examples

Code Designation Spectral characteristics/numerical specification
ND 0,3<1;(400 nm to 700,im, 1 mm) < 0,4
ND 0,2 < T4y (400 nm £0<700 nm, 1 mm) < 0,35

7; (200 nm to 350ym, d = 0,8 mm) < 0,2;
7; (405 nm te:550 nm) > 0,85;

Ajo,5 = 660)hm + 8 nm;

7; (700 hm to 1 100 nm) < 0,05

%, (405 nm to 550 nm) < 1 x 10-5;

LP 40,5 (3 mm) =590 nm * 6 nm;

7; (660 nmto 1 100 nm) > 0,92

7; (405 nm to 550 nm) > 0,92;

SP. Ajg,5 (2 mm) = 585 nm + 8 nm;

7; (700 nm to 1 100 nm) < 0,01

BP

5.3 | Rules for the graphical representation of spectral characteristics

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

a) on the abscissa, the spectral region in which the characteristics are specified as a function of
wavelength A or the wavenumber o;

b) on the ordinate, the values of the individual optical properties (7, 7, 4, D or @) are displayed;
c) the thickness, d, shall be given, for which the optical property refers to.

The upper and/or lower tolerance limits (indicated by subscripts U and L respectively) within which
the spectral characteristics are 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 ¥
for the upper tolerance limit) at both edges of the corresponding tolerance band. This way of marking is

© IS0 2021 - All rights reserved 9
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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. T,y 1 < Taye(A t0 43) < Tyye v

The tolerance limits for the cut-off wavelengths are marked with triangles (symbol » for the lower
tolerance limit and 4 for the upper tolerance limit) at the height of "0,5“line of the transmittance 7, and
of the internal transmittance t;, respectively.

If the bulk absorption filter 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.

5.4 Grap'Jnlcal representation of optical functions

5.4.1 Genleral

The followihg graphical representations of optical functions are used for specification and aftual
measuremeht. If appropriate, specified and measured upper, lower and/or average values can be
combined in one graphical representation.

NOTE The curves, the limits and the numerical values shown in the following figures are only exampled used
for illustratidn. They are not to be taken as typical or standard values and limits.

5.4.2 Attenuating function (ND)

The attenuating function shall be defined by its upper and<lower tolerance limits (z;;; and 7;|,
respectively 7y and ;) of the spectral internal transmittance ofthe spectral transmittance, respectively
(Dy, Dy). Seq Figure 2 for the graphical representation.

General des{gnation:
ND DLn <D (An t07Ln+1: d) < DUn; n=1,3, 5,
or

ND 7,

i< T (A to Ay, 1, d) < Ty n 2L, 8,5, ...
Numerical example:

ND 0,2 £ 7; (450 nm to 600am; 1 mm) < 0,35; 0,35 < 7; (700 nm) < 0,45
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Figure 2 — Sketch of the graphical representation of a neutral density filter
thickness d = 1 mm (attenuating function ND)

5.4.3 Function bandpass (BP) or bandrejection (BR)

The bandpass filtering function or the band rejection filtering function shall be characteri
upper tolerance limits (7; ;) of spectral internal transmittance in the blocking ranges and
tolerpnce limits (t;;) of spectraliinternal transmittance in the pass bands. As an option

wavq

Gengral designation:

BP 7; (A, t0 A, , 1. @< T,y

T (A, to A epd) > Tj Ly N1 = 1,3,5..m-2,mm+2,.;

hos = At AN k=1,2, ..

Numgrical example 1:

at

zed by their
by its lower
, the cut-off

lengths with their tolerafices may be specified. See Figure 3 for the graphical representation.

BP 7, (200 nm to 340 nm, 1 mm) < 0,15 - 0,2;
7; (415 nm to 560 nm) > 0,8;
7; (710 nm to 1 100 nm) > 0,1;

’ _ +10 nm .
;Lio,s = 375 nm*gh nm;

AN%05 =650 nm + 6 nm

© IS0 2021 - All rights reserved
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Y
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0,5
VM
! Y y
| |
0 L L
Ay As A6 X

Key
X wavelength A
Y internal fransmittance t;

Figure 3 —|[Sketch for the graphical representation of the specification of a bandpass filter BP at
thickness d =¥mm

Numerical example 2:
BP 0,7 47 pax (d=1mm) <0,8; 4,  =550nm £ 10 nm; 0,6 < 7; (500 nm to 550 nm) < 0,8
Y
1 L

Ti max

0,5 F

Key
X  wavelength, A

Y internal transmittance, T;

Figure 4 — Sketch for the graphical representation of the specification of wavelength range for
peak transmittance of a bandpass filter BP at thickness d = 1 mm
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limits of transmittance of a bandpass filter BP.at thickness d = 1 mm

5.4.4 Function shortpass (SP) or longpass (LP)

The functions shortpass or longpass filtering are characterized by their upper tolerance li

spec
spec

uppeg

shor

[pass filter.

Gengdral designation:

LP A5 (d) = A £ AX;

Ti (An to An + 1) < Ti,Un;

Ti(A oA, ¢)> Tivi N = 1,3,5 .. m-2,mm+2,.
$P 1405 (d) =A2AL;
i (A, t0 2,01 > T Ly

T (M0, ) <Tiywn=135.m-2,mm+2,..

rital avamnlo for 2 chartnace filtar:
um
I'erroor TCTOT o OOt oo Ittt r~

gure 5 — Sketch for the graphical representation of the specification of upper ai

[ral internal transmittance in the blocking-tange and by their lower tolerance liy
fral internal transmittance in the pass band. Additionally, the cut-off wavelength A

r and lower limit (A}, A;;) shall be spetified. See Figure 4 for the graphical represe

nd lower

mits (7; ;) of
hits (z;;) of
o5 With its
ntation of a

T—CXotT

SP 20,5 (2 mm) = 700 nm * 6 nm;
7; (400 nm to 565 nm) > 0,88;
7;(940 nmto 2 200 nm) < 0,01
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| I
| I
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| | |
| | | Y y
1 l l
0 1 ]
4 Ao A3 A4 X
ﬂ“iO,S
bth, A

[ransmittance, T;

— Sketch for the graphical representationtof the specification of a shortpass SP pf

thickness d =2’mm
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Annex A
(informative)

Graphical representation of transmission using a diabatic scale as
an ordinate

The

ance-values

has lbig advantages in the graphical representation of the internal transmittance. When

the diabatic

trang
valug
0,9)

mittance is linearly scaled on the ordinate (see leftmost scale from 0 to 2,5 imEigyire A.1), the

s of the corresponding internal transmittance (second scale in Figure A.1 ranging fr
hre rearranged. This is called a diabatic scale for internal transmittance.(Fhe trans

given by Formula 11, see 3.3.4

By u
abso
visud
regir

Whe
for d
y-din

bing this coordinate transformation, the region of high transmittanceas well as the rd
Fption is enlarged. This gives a clear representation of both regions-(A linear represent
lize the regime of high transmittance only. Using a logarithmic representation would
he of absorption only.)

fferent thicknesses, the graphs will have the same shape but they are just shifted by a
ection, see Figure A.1.

bm 1e-10 to
formation is

gion of high
ation would
Fisualize the

h the transmittance of the same bulk absorption filter matérial is depicted in this representation

value in the
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25 +——————— B e .  ALeeik’',icn
/—\ 0,9
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0,4
03
0,2
- 0,1
0,05
0,01
~- 0,001
1E-05
1E-08
1E-10
300 600 900 1200 X
Key
thicknesf d =1 mm
thicknesf d = 0,8 mm
thicknesf d = 0,4 mm
wavelength, A, in nm
Y1 diabatic pfthe internal transmittance
Y2 internal fransmittance
Figure Al.1 — Graphical representation-of the diabatic internal transmittance (scale on the
left Y1; dashed horizontal lines) and of the internal transmittance (scale on the right Y2; s¢lid
horizontal lines) of abandpass filter glass at different thicknesses
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