
A tutorial for the use of our EXCEL calculation tool

Optical Filter Glass calculation tool
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Intention of the calculation tool
Overview on the functions of the Excel Spreadsheet
 The calculation tool is intended to use for visualizing the optical reference values of our glasses.

Internal Transmittance, Transmittance, Optical Density and Extinction data can be displayed as a function of wavelength and a desired thickness.

 The internal transmittance data is listed from 200 nm to 5200 nm.

 Some values for the color analysis can be calculated as well.

 The spread sheet offers the possibility to combine and compare several filters in respect to their optical properties.

 The user may add spectral data of filter functions as a target. 

 The user may add spectral data for a user defined light source for color analysis.

Functions that are not present
 This tool is not designed for optimizing the design process of an optical system.

 The data base contains only typical transmittance data. There are no tolerances given in this tool.

 This tool was composed with utmost care, however, there is no guarantee on the correctness of algorithms and data.

2Dr. Ralf Biertümpfel, February 2017



 
 

 

 

 

Copyright: © SCHOTT AG  2024
 This calculation tool is protected by federal copyright law and international treaty. The copyright holder retains title to and 

ownership of the calculation tool. National copyright law prohibits you from making any copy of the calculation tool for 
any reason, without the written permission of SCHOTT, except that you may copy the contents of this calculation tool 
disc for your own research, teaching, and communications use. 

 Data and programs contained in this calculation tool are owned by SCHOTT, any request for permission to use them for 
commercial purposes must be directed to SCHOTT.

 SCHOTT makes no warranty of representation, either expressed or implied, with respect to this calculation tool including 
their quality,  merchantability, or fitness for a particular purpose. 

 In no event will SCHOTT be liable for direct, indirect, special, incidental, or consequential damages arising out of the use 
or inability to use the calculation tool even if SCHOTT has been advised of the possibility of such damages. 

 SCHOTT reserves the right to change the optical and non-optical data without prior notice. This calculation tool renders 
all previous versions of the tool obsolete and was composed with utmost care.

Mainz, June 2024

3Dr. Ralf Biertümpfel, February 2017
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Color of a filter (combination) and its 
light source

Tabulated data

User defined filters and light sources
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 Sources of information
 Absorbance, extinction, diabatic transmittance
 Transmittance at different thicknesses

© SCHOTT AG, Tutorial on filter glass tool; Dr. Ralf; June 2024
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Introduction and Formulas



 
 

 

 

 

Sources of information on Optical Filters

Selected Literature

− E. Hecht: Optics, Global Edition, 5th edition, Pearson Education Limited, 2016.

− H.G. Pfaender: Schott Guide to Glass, Chapman & Hall, London, 1996.

− R. R. Willey: Field Guide to Optical Thin Films, SPIE Press, 2006.

− H. A. Macleod: Thin-Film Optical Filters, 5th edition, CRC Press, 2017.

Internet www.schott.com/en-gb/products/optical-filter-glass

− Download “Optical Glass Filters Calculation Program”

− Download catalogs on Optical Glass Filters and Interference Filters as well as data sheets

− “SCHOTT Technical Information” series (TIE)

Other sources
SCHOTT Application Team
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Definition of transmittance and internal transmittance

2.1 Grundlagen
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Definition regulärer spektraler Transmissionsgrad
 spectral transmittance = regular transmittance

2.1 Grundlagen
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Definition spektraler Reintransmissionsgrad
 spectral internal transmittance

2.1 Grundlagen
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Incoming light inside glass
( )λentering e,Θ

Leaving light inside glass
( )λleaving e,Θ
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Our bulk absorption filter glasses are homogeneous

2.1 Grundlagen
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 In a homogeneous bulk material the internal transmittance 𝝉𝝉𝒊𝒊 can be expressed by an 

exponential function of thickness d of the filter and the linear absorption coefficient 𝜶𝜶𝒍𝒍 :

𝜏𝜏𝑖𝑖 = 𝑒𝑒−𝛼𝛼𝑙𝑙 𝑑𝑑



 
 

 

 

 

 The reflection factor 𝑷𝑷 (upper case greek letter „Rho“) between regular transmittance and internal 

transmittance for a window is:

𝜏𝜏 𝜆𝜆 = 𝑷𝑷 𝝀𝝀 �  𝜏𝜏𝑖𝑖 𝜆𝜆

 The reflection factor 𝑃𝑃 is calculated from the Fresnel formulae using the refractive index n of the glass. An 

easy approximation is

𝑃𝑃 𝜆𝜆 ≈
2𝑛𝑛 𝜆𝜆

𝑛𝑛2 𝜆𝜆 + 1

 In our data sheets and calculation program we use a constant reflection factor 𝑷𝑷𝒅𝒅 at the d-line (587,6 nm)

© SCHOTT AG, Introuction to Filters; Dr. Ralf; May 2024

Relation between internal and regular transmittance
Reflection of an uncoated plano-plano glass plate in air (a window or a filter glass) 
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Transmittance τi – Absorbance/Extinction E 
are characterizing filters
Spectrophotometers are measuring the transmittance of a sample and the extinction E is calculated from transmittance τ.
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Diabatic transmittance scaling provides better overview 
about blocking and high transmission regions
Transformation of the ordinate with diabatic scaling is an elongation of the high and the low transmittance regions
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The calculation is a simple 3 step process: 
(1) Use internal transmittance data at a 

reference thickness  𝑑𝑑𝑟𝑟𝑟𝑟𝑟𝑟. 

(2) Define new thickness d1.

(3) Calculate internal transmittance 
at new thickness using the formula:

© SCHOTT AG, Introuction to Filters; Dr. Ralf; May 2024

Internal transmittance calculated at a different thickness

𝜏𝜏𝑖𝑖,𝑑𝑑𝑑 = 𝜏𝜏𝑖𝑖,𝑑𝑑𝑟𝑟𝑟𝑟𝑟𝑟

𝑑𝑑1
𝑑𝑑𝑟𝑟𝑟𝑟𝑟𝑟

d1

Data sheet
with internal transmittance data 
at a reference thickness 
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02
Single filter analysis
How to analyze spectral data of a single filter in polished 
condition
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Input spread sheet

Choose your preferred 
language

Single filter data input

Color data input

Menu bar with links

Spread sheet menu bar
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03
Comparing filters
How to analyze spectral data of a multiple filters
How to combine filters (virtual cementing)
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Comparing and combining of polished filters 
Analyzing multiple filters



 
 

 

 

 © SCHOTT AG, Tutorial on filter glass tool; Dr. Ralf; June 2024

04
Color of a filter
Light sources 
Color coordinates of light source and filter



 
 

 

 

 

Tristimulus values according to ISO 11664-3

𝑋𝑋 = 𝑘𝑘 ∫𝜆𝜆=360 𝑛𝑛𝑛𝑛
830 𝑛𝑛𝑛𝑛 𝜏𝜏 𝜆𝜆 𝑆𝑆 𝜆𝜆 𝑥̅𝑥 𝜆𝜆 𝑑𝑑𝑑𝑑

𝑌𝑌 = 𝑘𝑘 ∫𝜆𝜆=360 𝑛𝑛𝑛𝑛
830 𝑛𝑛𝑛𝑛 𝜏𝜏 𝜆𝜆 𝑆𝑆 𝜆𝜆 �𝑦𝑦 𝜆𝜆 𝑑𝑑𝑑𝑑

𝑍𝑍 = 𝑘𝑘 ∫𝜆𝜆=360 𝑛𝑛𝑛𝑛
830 𝑛𝑛𝑛𝑛 𝜏𝜏 𝜆𝜆 𝑆𝑆 𝜆𝜆 ̅𝑧𝑧 𝜆𝜆 𝑑𝑑𝑑𝑑

CIE-Normspektralwertfunktionen
 𝑥̅𝑥 𝜆𝜆 , �𝒚𝒚 𝝀𝝀  und �𝒛𝒛 𝝀𝝀  im 

Normvalenzsystem des 2° Beobachters.

Optical Filter, Dr. Ralf Biertümpfel 22.6.201724

Calculation of the color of an illuminated filter 
Optisches Filterglas – optische Eigenschaften

Filter 𝝉𝝉 𝝀𝝀 Light source 𝑆𝑆 𝜆𝜆

using factor   𝑘𝑘 = 100%

∫𝜆𝜆=360 𝑛𝑛𝑛𝑛
830 𝑛𝑛𝑛𝑛 𝑆𝑆 𝜆𝜆 �𝑦𝑦 𝜆𝜆 𝑑𝑑𝑑𝑑

Color coodinates x, y, z

𝑥𝑥 =
𝑋𝑋

𝑋𝑋 + 𝑌𝑌 + 𝑍𝑍

𝑦𝑦 =
𝑌𝑌

𝑋𝑋 + 𝑌𝑌 + 𝑍𝑍

𝑧𝑧 =
𝑍𝑍

𝑋𝑋 + 𝑌𝑌 + 𝑍𝑍
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Move to Excel
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05
Tabulated data
Light sources 
Color coordinates of light source and filter
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Move to Excel
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06
User defined data
Your own light sources 
Your own filters
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Move to Excel
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