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1 Introduction

In this article, we will point out the many flexible ways the Rhea spectrometer series can be applied
for transmission measurements of translucent materials in general and how it can be customized. As
the number of applications of measuring translucent materials is endless, we focus on the generic
principle of transmission measurement. A few examples of application areas could be measurements
of thin film, foils, glass but also liquids in cuvettes and fluorescence measurements.

First, we briefly discuss the procedure and show a number of possible test setups in terms of optical
configurations for measuring transmission. Secondly, we point out how both light source and spectral
measurement engine can be tuned to your specific transmission measurement application.

2 Transmission measurements

2.1 Measurement procedure and setup

Transmission measurement procedures generally consist of two steps: collecting a baseline by
measuring the reference standard light source without the object or material and measuring with the
object or material. Deviation between these measurements define the spectral transmission
characteristics of the given object. In this chapter the generic aspects of transmission measurements
are explained.

For transmission measurements, a detector and reference standard light source are required to
measure transmittance of an object. This reference light source can be a LED or halogen light source
for example. Various light sources may be used to match spectral properties of the object to measure:
the light source should emit at any times the entire desired wavelength range of the object under test.
At wavelengths where no light is emitted, no light can be transmitted, thus no properties can be
derived from measured data.

For all translucent objects, a part of the light will be reflected, a part absorbed and a part transmitted.
The characteristics of the object define the deviation between these three variables at different
wavelengths. Due to conservation of energy, one can state the total amount of light emitted by a light
source directed towards an object equals the sum of absorption (| ), transmission (1) and reflection (")
of a particular object (Eq. 1). Consider the fact that the detector is only capable of measuring the
object’s transmission. Absorption and reflection cannot be measured using setups and procedures
described in this application note, only be derived as a sum from the gathered data using equation 1.

Fig 1 Incoming light (1) is split into absorption, transmission and reflection. Equation 1.
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2.2 Sample properties

Applications of translucent objects may result in specific transmission properties. Material may
transmit light straight through the object or may have a diffuse light distribution on the opposite side or
anything in between. Figures 2 and 3 show the difference between diffuse and non-diffuse materials.
These properties in the response of the material to be measured are important when considering the
right measurement geometry. Options can vary from using lenses for emitting and receiving light,
using cosine correctors and integrating spheres as well as combinations of these optics.

For highly diffuse translucent objects, it may be recommendable to use an integrating sphere. When a
cosine corrector is used for measuring highly diffuse translucent materials, the light output may be
relatively low. Depending on the entire setting, the signal noise ratio may not be optimal, thus
affecting the measurement results in a negative way.

Fig 2 Example of diffuse transmissive response: transmitted light rays are distributed over a large angle. An integrating sphere
may be desirable to capture all the transmitted light.

Fig 3 Example of non-diffuse transmissive response: transmitted light rays are not diffusely spread. For such applications, a
cosine corrector based system may be useful.
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2.3 Geometry 1: integrating sphere /lens

The procedure below shows a setup using a spectrometer connected to an integrating sphere and
Steropes LED light source with collimating lens. Note that, depending on the application, the light
source can be connected to the integrating sphere providing a diffuse light. The lens is then
connected to the spectrometer to measure the light. Another option is to connect the light source to
the lens and measure transmission through the integrating sphere connected to the spectrometer.
Basically, all transmission measurements explained in this document rely on the same procedure,
only using different optics.

integrating sphere — lens

Setting baseline
ﬁ/
T Measure spectral response of reference standard light
source without object. Spectral response is set as
baseline / reference measurement.

Measure translucent material
T Measure spectral response of reference standard light
source with object. Spectral response measured by

spectrometer represents transmissive response of
object.

First option: Light source i integrating sphere i sample i collimating lens i spectrometer.

Second option: spectrometer i integrating sphere i sample i collimating lens i light source.
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2.4 Geometry 2: cosine corrector / lens

The combination of a cosine corrector connected to either the spectrometer or light source and on the
other side a (collimating) lens connected to the other device, can also be used for transmission
measurements. In case a collimating lens is connected to the light source, the transmitted light will be
collimated. Depending on the properties of the material to be measured, the cosine corrector should
be connected to the spectrometer and lens to the light source or vice versa. The measurement
procedure afterwards remains the same: set a baseline and perform a measurement afterwards. Note
that for optimal measurement results, the distance between cosine corrector and object and object
and light source, should be as small as possible. One should take into consideration that this is a
more cost effective optical configuration compared to integrating sphere setups, though it also
requires more precision in terms of alignment. In case the cosine corrector and lens are not aligned
properly, measurement deviations may negatively affect the measured data.

cosine corrector - lens

Settina baseline

=

T Measure spectral response of reference standard light
source without object. Spectral response is set as
baseline / reference measurement.

Measure translucent material

T Measure spectral response of reference standard light
source with object. Spectral response measured by
spectrometer represents transmissive response of
object.

First option: Light source i cosine corrector i sample i collimating lens i spectrometer.

Second option: spectrometer i cosine corrector i sample i collimating lens i light source.
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3 Choosing and customizing the right measurement equipment

3.1 Light source

Transmission measurements can be carried out on a wide range of translucent materials or objects.
Not only following the right procedure, but also the combination of equipment used will determine the
results of transmission measurements. In order to obtain usable data, it is important to use both a light
source and detector (spectrometer) that match the spectral region of interest of the material to be
measured. For example if your measurement application demands for a full spectral analysis in the
VIS (380-780nm) range, both light source and spectrometer should cover this wavelength range with
a good signal to noise ratio. This means that on one hand the light source should emit enough at a
specific wavelength. To support different measurement applications, Admesy offers a range of
stabilized light sources from white and (custom) coloured LED light sources, up to halogen with
optional blue enhancement filters for optimized response over the entire wavelength range. A few
examples of spectral power distributions of Admesy light sources are shown below. As can be seen,
all light sources have an entirely different spectral distribution, highlighting different peaks in
wavelength.

Steropes LED Steropes LED Steropes halogen Steropes halogen
natural white full spectrum Standard Blue enhanced
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3.2 Spectrometer

Choosing the right spectrometer configuration is also an important to obtain usable transmission
measurement data. The spectrometer should be sensitive enough at the given wavelength range of
interest of your sample. Besides the spectral range of interest, the required amount of detail in
measurement data is important: if your measurement application demands for high precision analysis
of a small spectral range, the optical resolution may have to be higher than for a broadband
measurement. To cover all these important aspects, Admesy has developed the Rhea spectrometer
series: a fully customizable spectrometer covering the 200-1100nm range. Below we will briefly
discuss all tuneable elements of the Rhea series spectrometer.
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Detector

The Rhea uses cooled CCD detectors from Hamamatsu. Currently the Rhea supports detectors for
the range of 200-1100nm. Quantum efficiency of this detector is illustrated in the following graph. In
future, more detector options will be added to the Rhea series spectrometer.

$7031-1006S (QE)
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Slit size

The slit size defines the amount of light entering the optical bench and by this, the FWHM is
influenced: the smaller the slit size, the lower the FWHM, the higher the resolution. All Rhea
configurations can be equipped with various slit sizes. The table below shows an overview of
approximate FWHM with a given groove density and slit size.

FWHM [nm] S7031-1006 detector (1024 pixels)

Grating G/mm 100um 50um 25um 10um
200 3.7 2.7 2.4 2.3
300 2.6 1.8 1.6 1.5
500 1.5 1.1 0.95 0.85
600 1.3 0.9 0.8 0.7
900 0.90-0.65  0.60-0.45 0.55-0.40 0.45-0.36
1200 0.68-0.40  0.45-0.27 0.40-0.24 0.32-0.19
1600 0.45-0.14  0.30-0.10 0.26-0.08 0.21-0.06
1800 0.41-0.12  0.27-0.08 0.24-0.07 0.19-0.05
Gratings

The grating disperses the light into individual wavelengths: the amount of dispersion is determined by
the number of grooves which is typically expressed in grooves per millimeter. The blaze wavelength
determines the optimal efficiency at a certain wavelength.

200 grooves system response

Blaze wavelength: 300nm ‘

100

200 400 600 800 1000
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300 grooves system response
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Blaze wavelength: 400nm Blaze wavelength: 600nm Blaze wavelength 1000nm
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900 grooves system response
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1200 grooves system response

Blaze wavelength: 200nm ‘
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Blaze wavelength: 800nm
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1600 grooves system response

Blaze wavelength: 200nm
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1800 grooves system response

Blaze wavelength: 400nm
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Dispersion range

The higher the number of grooves the wider the dispersion. However, this also limits the range of
wavelengths which can be resolved because the detector has a fixed width. For a broad wavelength
range low groove gratings can be used and for a detailed analysis of a small wavelength range high
grooves gratings can be used. This range is defined as the dispersion range. The number of grooves

also has influence on the FWHM.
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Filter wheel

The Rhea contains a filter wheel with 4 ND filters (OD1, OD2, OD3 and OD4) to enable a huge
dynamic range which allows to measure optical densities above OD 4. The fifth and sixth position on
the filter wheel are for fully open and close. Each ND filter is fully calibrated so no spectral difference
is visible between ND filter wheel positions.

Start and stop wavelength

Start and stop wavelength are depending on the grating choice and alignment. For example, a grating
with a dispersion range of 200nm can be used from 300nm to 500nm as well as from 400nm to
600nm. Depending on the transmission measurement region of interest, the start and stop
wavelength can be determined to fit your specific measurement application.

Example

Blaze wavelength: 1000nm
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200 400 600 800 1000

The response graph of the grating shown above with a groove density of 300 grooves per millimetre
and a 1000nm blaze wavelength, shows its highest sensitivity in the range from 600-1100nm. This
Rhea configuration would be a perfect choice for transmission measurements within this spectral
range. One of the possible applications could be measurements of NIR blocking filters to determine
the optical density beyond the visual spectrum.

As the number of available gratings is increasing, the number of configurations will become endless.
For more information about the customizable Rhea spectrometer series, please visit the Admesy
website www.admesy.com or contact sales & support via info@admesy.com
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