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Abstract 
The purpose of this thesis work was to find a way to measure basic light emission 
properties of nitrogen-and-boron-doped 6H-SiC, which are fabricated with a growth 
method developed at Linköping University. The research is in its initial phase and the 
light properties as well as optical measurement techniques are important. The aim is 
that the results of the measurements will provide feedback to the growth process what 
quality and doping levels that are required to get the maximum amount of light. The 
measurements were performed at the Laboratory of Lighting Technology, Technical 
University of Darmstadt, Germany. 
 
Two measuring methods with different excitation sources were tested: a double 
monochromator and a setup using near UV-filters. While the double monochromator 
was able to project wavelengths in steps down to 0.5 nm with a high accuracy, the 
filters were only available in steps of 10 nm where the accuracy of the wavelength 
values varied. The double monochromator was chosen for the continuing 
measurements. 
 
When using excitation light between 375-390 nm the emitted light was in the visible 
wavelength region. The light properties measured were the irradiance (measured in 
W/m2) and the peak wavelength were maximum luminescence occurred. 
 
The result showed that sample 2-4 had a peak wavelength at approximately 580-582 
nm for the excitation wavelength 375 nm. For sample 5 the peak wavelength occurred 
at 582 nm at the excitation wavelength 390 nm. Sample 1, the unintentionally doped, 
did not show any measurable results as expected. 
 
When irradiance of the excitation light was approx. 8 W/m2 the irradiance at the peak 
of luminescence for the samples varied between 15.03-29.35 µW/m2. The low values 
are believed to be the result of the emitted light scattering in all directions whereas the 
measurements are done in one direction and only from a small area of the sample.  
 
The measurements has shown that it is possible to measure the light properties of the 
grown material even though the samples were not finalized (capsulated) LED’s. The 
results from the measurements are of interest for the continuing development of the 
material. 



 

Sammanfattning 
Syftet med examensarbetet har varit att ta fram en mätuppställning och undersöka 
ljusegenskaper hos prover av kväve- och bordopad 6H-kiselkarbid som tillverkas med 
en odlingsmetod utvecklad vid Linköpings universitet. Forskningen är i en 
uppstartningsfas och ljusegenskaperna så väl som optiska mätningstekniker är viktiga. 
Målet har varit att resultatet av mätningarna ska ge feedback till odlingsmetoderna 
och vilken kvalité och doping nivåer som krävs för att få den maximala mängden ljus. 
Mätningarna utfördes vid the Laboratory of Lighting Technology, Technical 
University of Darmstadt, Tyskland. 
 
Två mätmetoder med olika excitationskällor testades; en dubbelmonokromator och en 
uppsättning av nära UV-filter. Då dubbelmonokromatorn kunde återge våglängder 
med 0.5 nm steg med jämn övergång mellan våglängderna medan filtren endast fanns 
i 10 nm steg och var av varierande kvalité valdes dubbelmonokromatorn. 
 
När exciterande ljus med våglängder mellan 375-390 nm användes befann sig det 
emitterade ljuset i den synliga regionen. De ljusegenskaper som mättes var 
irradiansen (mätt i W/m2) samt toppvåglängderna där det maximala ljuset syntes.  
 
Totalt fanns det fem prover med olika egenskaper och dopningsnivå. Tre av proverna 
(nr 2-4) hade sitt toppvärde mellan 580-582 nm vid excitationsvåglängden 375 nm. 
Nummer 5 hade sitt toppvärde vid 582 nm men vid excitationsvåglängden 390 nm. 
Prov nr 1 som bara innehöll oavsiktlig doping visade inga mätbara resultat som 
väntat.  
 
När irradiansen av det exciterande ljuset var ca 8 W/m2 låg irradiansen från det 
emitterade ljuset på mellan 15.03-29.35 µW/m2. De låga mätvärdena tros bero på att 
det emitterade ljuset går ut i alla riktningar men det var bara möjligt att mäta från en 
riktning och på en begränsad yta. 
 
Mätningarna visade att det är möjligt att mäta ljusegenskaperna hos materialet trots att 
det inte är en färdig lysdiod. Mätresultaten är framförallt intressanta för den fortsatta 
utvecklingen av materialet. 
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1. Introduction 
Today light emitting diodes (LED’s) are used in many areas such as traffic lighting, 
signs, displays as well as interior lighting. The main problem when it comes to 
interior lighting is to create a warm white light similar to the light bulbs that we are 
used to. So far most of the white LED’s we see are actually blue with a yellow 
phosphor layer. The problem is that the blue light breaks through and the light is 
experienced as cold white (Schubert 2006). 
 
Scientists at the Department of Physics, Chemistry and Biology (IFM), Linköping 
University, Sweden are working together with scientists from Meijo University, Japan 
in the development of a new LED based on fluorescent silicon carbide (f-SiC). SiC is 
a host material that can be doped with different materials to get visible light. At 
present, they are working on one of the layers, made of N-B doped 6H-SiC, that will 
cover the yellowish part of the light and that can produce a warm white LED with 
high efficiency. The N-B doping is produced using the Fast Sublimation Growth 
Process (FSGP), which has been developed at IFM. To be able to further develop the 
material the light properties need to be investigated. 
 
The measurements for this work were performed at the Laboratory of Lighting 
Technology, Technical University of Darmstadt, Germany. The lab was chosen since 
I had taken courses in light physics there when I was an exchange student 2007/2008. 
They have a lot of light measuring equipment and companies, such as Audi, performs 
measurements on their car lighting there. Since the samples used in the measurements 
were not proper LED’s we had to experiment with some equipment and see if it was 
possible to do the desired measurements on the as-grown material directly. 

1.1.  Purpose 
The purpose of this thesis is to find measuring equipment that works for measuring 
basic light properties on samples of doped SiC. The research is in its initial phase and 
the light properties as well as the development of measurement techniques are 
important. The aim is that the results of the measurements will help to show what 
quality and doping levels that is required to get the maximum amount of light in the 
material. 

1.2.  Problem/question at issue 
Is it possible to measure the light properties even though the samples are not fully 
finalized (capsulated) LED’s and emit only a small amount of light? 

1.3.  Method and sources 
By using an excitation source with wavelengths in the near UV region a curve for the 
intensity and distribution of the emitted wavelengths was gotten. The characteristic 
peak of luminescence shows at which wavelength the irradiance is the highest. 
 
The thesis is based on the measurements performed in Darmstadt and a literature 
study from books and published scientific articles in the area of light technology (see 
reference list). 



 

 9

1.4.  Structure 
The report starts with a chapter introducing the reader to the new f-SiC LED device 
and pictures of the samples used in the measurements. It then continues with the 
earlier measurements performed and the equipment and methods used in the new 
measurements. In chapter three the results are discussed and some graphs are shown. 
In Appendix 1 the software and measuring steps are explained. All the graphs can be 
found in Appendix 2. In the last chapter conclusions are presented and also some 
information about what happens next. In Appendix 3 the reader can find some terms 
and definitions related to the materials and measurements that might make the 
understanding of the report easier. 

1.5.  Limitation 
It was decided to only determine the wavelength of the emitted light and the 
characteristic peak of luminescence when using excitation light with wavelengths 
between 375-390 nm. Due to the initial research phase, a selection of samples was 
made so that the measurement systems in Darmstadt could be tested to see if their 
measuring facilities would work to characterize fluorescent material. 
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2. Experimental details 

Silicon carbide (SiC) is a compound of silicon and carbon with the chemical formula 
SiC. It is a promising wide-band gap semiconductor for applications such as high 
power devices, high voltage switches, high temperature electronics and microwave 
components (Syväjärvi, 1999). 

2.1.  The LED device 
Figure 1 shows a schematic view of the white LED device. This new type of LED will 
be based on a combination of a fluorescent SiC substrate and a near UV light-emitting 
AlGaN stack grown on the f-SiC substrate. The near UV layer acts as an excitation 
source for the f-SiC substrate. The LED structure of the AlGaN stack is developed in 
Japan but has not yet been combined with the f-SiC.  

 
Figure 1. A schematic drawing of the f-SiC LED. The moth-eye structure is a non-flat patterned 
surface, which helps to bring the light out from the fluorescent silicon carbide, since a flat surface is 
well known to reduce the light extraction due to reflection at the surface from the silicon carbide to air. 
 
The f-SiC substrate is built up of two layers (Fig 2). The first is a 200 µm thick 
substrate of fluorescent 6H-SiC doped with nitrogen and boron (N-B). The second 
layer is a 50 µm thick SiC layer doped with nitrogen and aluminum (N-Al). The N-Al 
layer together with the N-B layer provides most wavelengths in the visible region 
with a light (wavelength) distribution, which does not have any dominating color, i.e. 
very pure white light is obtained. The material is therefore ideal to produce a 
monolithic white LED. In other words, when the photons are created from the layers 
they create a broad light spectrum that overlaps each other and gives the pure white 
light. In case of a single N-B layer there is one broad spectrum, which gives a warm 
white luminescence (Syväjärvi, 2010). 
 



 

 

Figure 2. A schematic view of the SiC based LED consisting of a near ultraviolet (NUV) nitride stack, 
the fluorescent silicon carbide (f

2.2.  Samples 
The sample sizes were squares of 
inch wafer. Tab. 1 and Fig. 3
 
Number Name Description
1 ELS40 Reference sample with unintentional background doping
2 ELS58 Shows photoluminescence
3 ELS59 Shows photoluminescence
4 ELS60 Shows photoluminescence
5 SS3 New sample of higher quality with less 
Table 1. Description of samples used in the measurements.

 

Figure 3. Photos of samples 1-5. The red circles marks were photoluminescence has been shown in 
earlier measurements using the lumine
SiC. 

2.3.  Measurements 
The doped SiC is routinely studied by photoluminescence as function of excitation 
wavelength. At present, a simple photoluminesc
is used (Fig. 4). The luminescence studies from the doped SiC is a first evaluation of 
the grown materials and serves as a primary evaluation to see if the samples show 
light at room temperature or not
 
The sample is placed on the bo
the lid. The photoluminescence spectrum is shown in a graph on a computer. The 
measurement shows the photon count 
of photons exciting. 
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f the SiC based LED consisting of a near ultraviolet (NUV) nitride stack, 
the fluorescent silicon carbide (f-SiC). 

squares of approximately 9x9 mm, grown on a quarter of a 2
and Fig. 3 present the five samples used in this work.

Description 
Reference sample with unintentional background doping
Shows photoluminescence 
Shows photoluminescence 
Shows photoluminescence 
New sample of higher quality with less doping 

samples used in the measurements.  

5. The red circles marks were photoluminescence has been shown in 
earlier measurements using the luminescence box. The darks spots are defective areas, the yellow

The doped SiC is routinely studied by photoluminescence as function of excitation 
a simple photoluminescence box with two 375 nm UV

luminescence studies from the doped SiC is a first evaluation of 
the grown materials and serves as a primary evaluation to see if the samples show 
light at room temperature or not. 

The sample is placed on the bottom of the box with the UV-LEDs above attached to 
the lid. The photoluminescence spectrum is shown in a graph on a computer. The 
measurement shows the photon count – the number of photons sent in and 

 
f the SiC based LED consisting of a near ultraviolet (NUV) nitride stack, 

9x9 mm, grown on a quarter of a 2-
les used in this work. 

Reference sample with unintentional background doping 

 

 
5. The red circles marks were photoluminescence has been shown in 

The darks spots are defective areas, the yellow 3C-

The doped SiC is routinely studied by photoluminescence as function of excitation 
ence box with two 375 nm UV-LEDs 

luminescence studies from the doped SiC is a first evaluation of 
the grown materials and serves as a primary evaluation to see if the samples show 

ove attached to 
the lid. The photoluminescence spectrum is shown in a graph on a computer. The 

the number of photons sent in and the number 
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Figure 4. Photo from inside the photoluminescence box showing the two near UV-LEDs and a sample 
of SiC. 

Due to the simplicity of this equipment the measurements has the limitation of only 
showing photoluminescence for one excitation wavelength (375 nm). 
 
To be able to better show the characteristic dependencies of the fluorescent material, 
equipment with the possibilities to change the incident lights wavelength and then 
measure the emitted spectrum was needed. That is, an excitation source in the near 
UV region. In these measurements a 150 W Xenon lamp was used as light source. 
Two different techniques to get the near UV excitation were employed; a double 
monochromator and a near UV-filter set-up. The method showing the best result will 
be used to determine the wavelengths of the excitation light and the characteristic 
peak of luminescence. A compact array spectrometer was used during all the 
measurements to measure the emitted wavelengths. 

2.4.  Equipment 
Here follows a short description of the equipment used in the measurements. 
 
Double monochromator: The CM112 Compact 1/8 Meter Monochromator (by 
Spectral Products) is two single monochromators in series. The exit slit of the first 
monochromator is the entrance slit of the second. The two monochromators acts as a 
double filter with the rejection of stray light being almost the square of the single 
monochromator value. (Compact double monochromator, Spectral products) 
 
Near UV-filters: The filters were put in a holder in front of the Xenon lamp and were 
available in 10 nm steps between 379.5-440 nm (with 410 nm missing).  
 
Compact array spectrometer: The CAS 140 B (by Instrument Systems light 
measurement) measures the emitted wavelengths via a probe and sends the data to the 
computer. It measures wavelengths between 377.9-875.5 nm. A “head” can be 
attached to the probe to achieve the cosine characteristics required for illuminance 
measurements, but is not necessary to use in relative measurements. (CAS-140ct, 
Instrument systems) 
 
Lens: A lens was used to focus the light from the Xenon light into the double 
monochromator, or to the compact array spectrometer when using filters. 
 
Software: SpecWin Pro v. 1.4.1.412 (by Instrument Systems light measurements) is a 
spectral measurements program for the CAS 140 B. 
 
CM110/CM112 Demo v. 4.1, CM-series demo software (by Spectral Products) is a 
program used to change the wavelength of the double monochromator. 



 

 

2.5.  Choice of measuring method
The first thing to do was to choose
monochromator seen in Fig. 5
nm with a high accuracy of the wavelengths
in steps of 10 nm where the accuracy of the wavelengths varied. The numbers of 
filters were also limited (379.5
and 410 nm missing).  
 
On the positive side for the filters
but the quality of the filters varied. In the double monochromator 
when changing between different wavelen
was chosen for the continuing measurements. 
 

Figure 5. The measuring equipment with double monochromator. From the left: Compact array 
spectrometer (with the “head”), double monochromator, 
placed between the compact area spectrometer and the double monochromator. In the background an 
integrating sphere is visible, but 

 

Figure 6. The measuring equipment with 
spectrometer (without the “head”), sample in a holder, lens, filter and the Xenon lamp.

2.6.  Adjustments of the equipment
During the first measurements
the sample was visible but too weak
between the different parts of the 
array spectrometer (leaving the probe free
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hoice of measuring method 
first thing to do was to choose the measuring method. The double 

seen in Fig. 5 was able to project wavelengths in steps down to 0.5 
high accuracy of the wavelengths. The near UV filters seen in Fig. 6

ere the accuracy of the wavelengths varied. The numbers of 
filters were also limited (379.5-440 nm in 10 nm steps with 390 nm in a bad quality 

On the positive side for the filters, the light going through the sample was stronger, 
but the quality of the filters varied. In the double monochromator the quality wa

g between different wavelengths and thus the double monochromator 
was chosen for the continuing measurements.  

 
. The measuring equipment with double monochromator. From the left: Compact array 

spectrometer (with the “head”), double monochromator, lens and the Xenon lamp. The sample is 
placed between the compact area spectrometer and the double monochromator. In the background an 
integrating sphere is visible, but were not used in the measurements. 

 
equipment with the near UV filter setup. From the left: Compact array 

spectrometer (without the “head”), sample in a holder, lens, filter and the Xenon lamp.

of the equipment 
During the first measurements, when trying out the equipment, the emitted 

ample was visible but too weak to be measured. By adjusting the distance 
different parts of the equipment, removing the “head” of the compact 

leaving the probe free) and adding a lens, the emitted

in steps down to 0.5 
seen in Fig. 6 were 

ere the accuracy of the wavelengths varied. The numbers of 
m in a bad quality 

the light going through the sample was stronger, 
the quality was even 

he double monochromator 

. The measuring equipment with double monochromator. From the left: Compact array 
lens and the Xenon lamp. The sample is 

placed between the compact area spectrometer and the double monochromator. In the background an 

. From the left: Compact array 
spectrometer (without the “head”), sample in a holder, lens, filter and the Xenon lamp. 

mitted light from 
to be measured. By adjusting the distance 

equipment, removing the “head” of the compact 
the emitted light 
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increased. By doing this, the measurements could be made in a more specific 
area/point.  
 
Since the lab room used was not a proper “dark room” a thick black textile was used 
to cover the equipment to reduce the light from the Xenon lamp interfering with the 
light coming out of the double monochromator (Fig. 7). To further reduce light the 
screen of the computer was turned of during each measurement.  
 
For the final measurements the parts were moved as close together as possible; the 
output of the double monochromator, the sample and the probe were only millimetres 
from each other (Fig. 8). Before measuring with the samples the irradiance coming 
from the Xenon lamp through the double monochromator was measured to 
approximately 8 W/m2.  
 

 
Figure 7. The thick black textile covering the double monochromator and the Xenon lamp. 

 
 

 
Figure 8. Photo taken with flashlight showing the sample held between the output of double 
monochromator and the probe. 
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3. Results and discussion 
3.1. The wavelengths of the excitation light 
Before starting the measurements, the plan was to tune spectrally through the 
wavelengths of excitation light from 300-450 nm. It was soon discovered that for 
wavelengths lower than 370 nm the energy level was very low, and for wavelengths 
over 390 nm the energy was still high but the curve flattened making the emission 
peak hard to find in the graphs. Therefore a choice was made to only use excitation 
light with wavelengths between 375-390 nm. 
 
When measuring the emitted light in the wavelength region 377.9-785.5 nm, emission 
peaks from the sample could not be detected (Fig. 9). This happened because the light 
from the double monochromator was more dominant than the emitted light from the 
samples. In earlier measurements with the luminescence box a peak had been visible 
at approximately 550-600 nm (Syväjärvi, 2010). By measuring the emitted light in the 
more narrow wavelength region between 500-700 nm an emission peak from the 
samples became visible (Fig. 10). If the graphs had had a logarithmic scale on the y-
axis the peak might have been visible also in the wavelength region 377.9-785.5 nm. 
 

 
Figure 9. Irradiance of emitted light in the wavelength region 377.9-785.5 nm (sample 2). No sample 
emission is detected. 

 

Figure 10. Irradiance of emitted light in the wavelength region 500-700 nm (sample 2). Emission peaks 
are detected at approximately 575 nm. 
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3.2. The characteristic peak of luminescence 
When using the excitation wavelength 375 nm three of the samples (2-4) had their 
highest characteristic peak of luminescence at approximately 580-582 nm. Sample nr 
5 on the other hand had its highest peak at 582 nm when the excitation wavelength 
390 nm was used (Fig. 11). Sample 1, with unintentional doping, did not show any 
measurable results as expected. When using excitation light with wavelengths from 
380-390 nm the characteristic peak of luminescence varied between 574-587 nm. The 
result of finding the characteristic peak of luminescence for most of the samples at 
580-582 nm is probable since earlier measurements had indicated that it would be at 
approximately 550-600 nm.  
 

 
Figure 11. Irradiance of emitted light in the wavelength region 500-650 nm (sample 5). 
 
The color yellow is defined at 580 nm and orange at 590 nm, so the color of the 
emitted wavelength is in the yellow-orange region. This is good for the purpose of 
making warm white colored light, and could at higher intensity resemble a light bulb. 
 
Graphs for all investigated samples are shown in Appendix 2. 

3.3. The irradiance at the characteristic peak of luminescence 
Table 2 presents the irradiation of the highest characteristic luminescence peak for 
each sample. The irradiation of the incident light was approximately 8 W/m2. 

 
Sample Irradiance (µW/m2) Excitation wavelength (nm) Peak emission (nm) 
1 - - - 
2 29.35 375 582 
3 15.03 375 580 
4 17.54 375 581 
5 15.58 390 582 
Table 2. The irradiance of the highest characteristic luminescence peak. 

Sample 1 was showing too little emitted light to be measured. One interesting point is 
that even though sample 5 was experienced by eye to show the highest amount of 
visible emitted light, sample 2 measured the highest irradiance peak. It could be that 
when integrating the total irradiance over the visible wavelength region sample 5 will 
show a larger total irradiance compared to sample 2.  
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The irradiance shown in the measurements is overall quite low. An explanation could 
be that in these measurements the excitation light has been sent through the sample 
and the emitted wavelengths has been measured on the other side of the sample. The 
problem is that the emitted light is spreading to all directions, also backwards. Some 
of the light is also absorbed when passing through the sample.  
 
The amount of light measured in one point should be seen as a relative value, but at 
this stage in the development of the material there is no need for an absolute 
quantification. The light was enough to show visible light and characteristic peaks of 
luminescence. 

3.4. The visible light 
When using excitation light with wavelengths between 375-390 nm the emitted light 
became most visible. When using a 379.5 nm near UV filter sample 1 was only 
glowing outside the square (on the edges). For sample 2 the whole square was 
glowing. For sample 3 and 4 the whole sample was glowing (including the edges). 
Sample 5 showed most light of all the samples and the light was strongest around the 
edges of the square (Fig. 11).  
 

 
Figure 12. Photo of sample 5 glowing. 
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4. Conclusions and future work 
The report shows that it was possible to find a way to measure the basic light 
properties even though the samples of doped SiC were not finalized LEDs.  
 
The results from the measurements, especially the characteristic peak of luminescence 
is interesting for the continuing development of the N-B doped SiC. This will help 
showing what quality and doping levels that is required to get the maximum amount 
of light in the material to be developed. 
 
In these measurements the irradiance (W/m2) has been measured. To be able to 
compare the result with existing light sources we need to develop a method to also 
measure the luminous efficacy (lumen/watt).  
 
Since these were the first measurements ever made on a fluorescent material like this 
in the facilities in Darmstadt the measurements are quite preliminary. There are still a 
lot of improvements to be made to get more exact values and perhaps also trying out 
other measurement techniques. 
 
The lab in Darmstadt is currently being renovated and will be finished in September.  
They are planning to buy a new spectroradiometer that can be used for more exact 
measurements in the future. At IFM new samples are being produced and hopefully 
there will be a new trip to Darmstadt this autumn to further develop the 
measurements. 
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Appendix 1 - Using SpecWin Pro 

 
Fig. 1-1. SpecWin Pro 
 
Instruction: Open the program and choose Spektrale Analyse. In the graph you have 
Bestrahlungsstärke (Irradiance) (W/m2) on the Y-axis and the wavelength (nm) on the 
X-axis. To change the parameters in SpecWin Pro, choose “Parameters” in the menu. 
In these measurements the following was selected:  
 
Autoranging 
Minimale Aussteuerung (minimum modulation): 90 % 
Maximale Integrationzeit (maximum integration time): 60 s 
Dichtefilter (density filter): None 
Mittelungen (average number of measurements): 1 
Resampling: Aktiviert (activated) 
Start: 377.9 nm 
Stopp: 785.5 nm 
Schrittwerte (step value): 1 nm 
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Fig. 1-2. Screen shot of the parameter window (the window in the middle) in 
SpecWin Pro. In the upper left corner the CM110/CM112 Demo is shown. 
 
Long integration time (60 ms) to get a high Aussteuerung (count). Around 30000 
counts are good. 

Using CM110/CM112 Demo 
To change the wavelength of the double monochromator press the arrows (fig above). 
When pressing the arrow to the right one time the wavelength increases with 0.5 nm. 
When pressing the arrow to the far right the wavelength increases with 10 nm. When 
pressing the arrows to the left the value decreases. 

Measuring procedure for double monochromator 
1. Turn on the Xenon lamp and let it stay on for 30 min to start up. 
2. Turn on the other equipment and start the programs. 
3. Adjust the lens so the maximum light hits the double monochromator. 
4. Adjust the double monochromator so the maximum light hits the probe. 
5. Cover the equipment and turn of the light so no extra light hits the probe. 
6. To adjust the light, turn on “dauermessung” (continuous measurement) and 

move the probe till the strongest light point is found. 
7. Measure without sample to get a reference value. 
8. Measure with sample from 370-420 nm in steps of 5 nm.  
9. A graph is seen on the screen. The information about the measurement is 

saved as a text file (.IDS). 
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Measuring procedure for filters 
1. Turn on the Xenon lamp and let it stay on for 30 min to start up. 
2. Turn on the other equipment and start the programs. 
3. Place a filter in a holder in front of the xenon lamp. 
4. Adjust the lens so the maximum light hits the probe. 
5. Cover the equipment and turn of the light so no extra light hits the probe. 
6. To adjust the light, turn on “dauermessung” (continuous measurement) and 

move the probe till the strongest light point is found. 
7. Measure without sample to get a reference value. 
8. Measure with sample and filters from 379.5-440 nm in steps of 10 nm.  
9. A graph is seen on the screen. The information about the measurement is 

saved as a text file (.IDS). 

Measuring time 
The measurements take between a few seconds and approx. two minutes depending 
on the parameters chosen. 
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Appendix 2 - Irradiance of emitted light 
Irradiance of emitted light in the wavelength region 377.9-785.5 nm 
 

 
Figure 2-1. Irradiance of emitted light in the wavelength region 377.9-785.5 nm for 
sample 2 using a double monochromator. 
 

 
Figure 2-2. Irradiance of emitted light in the wavelength region 377.9-785.5 nm for 
sample 3 using a double monochromator. 
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Figure 2-3. Irradiance of emitted light in the wavelength region 377.9-785.5 nm for 
sample 4 using a double monochromator. 
 

 
Figure 2-4. Irradiance of emitted light in the wavelength region 377.9-785.5 nm for 
sample 5 using a double monochromator. 
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Irradiance of emitted light in the wavelength region 500-700 nm 
 

 
Figure 2-5. Irradiance of emitted light in the wavelength region 500-700 nm for 
sample 2 using a double monochromator. 
 

 
Figure 2-6. Irradiance of emitted light in the wavelength region 500-700 nm for 
sample 3 using a double monochromator. 
 
 

 
Figure 2-7. Irradiance of emitted light in the wavelength region 500-700 nm for 
sample 4 using a double monochromator. 
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Figure 2-8. Irradiance of emitted light in the wavelength region 500-650 nm for 
sample 5 using a double monochromator. 
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Appendix 3 - Terms and definitions 
Some terms and definitions related to the materials and measurements; 
 
Absorption  
The way by which the energy of a photon is taken up by matter, typically the 
electrons of an atom.  
 
Doping 
Adding specific elements (atoms) to modify crystal resistivity.  
 
Epitaxy 
Ordered growth of crystalline film on a crystalline substrate following the same 
structure as the substrate, the deposited film is termed as epitaxial film or epitaxial 
layer. (Syväjärvi 1999) 
 
Excitation wavelength 
The wavelength of the radiation used to stimulate fluorescence in the measured 
object. (Excitation wavelength, Wikipedia) 
 
Fluorescence 
A process where an atom or molecule first is excitation through absorption of a 
photon (by the excitation the atom or molecule end up on a higher energy level) then 
radiates the energy in the form of light with lower wavelength (less energy) than the 
absorbed light. Many materials show fluorescence when they are exposed to UV 
radiation. That means that the light by the reflection is exposed to a frequency 
transformation so that the reflected light gets a larger wavelength than the incident 
and then comes within the frequency area visible for the human eye (the wavelength 
increases). (Fluorescence, Wikipedia) 
 
Irradiance 
Irradiance is a radiometry term for the power per unit area of electromagnetic 
radiation at a surface. ”Irradiance” is used when the electromagnetic radiation is 
incident on the surface. The SI unit is watts per square meter (W/m2). (Nägele 1999) 
 
Luminescence  
Light that usually occurs at certain temperatures.  
 
N-B doped 6H-SiC 
Silicon carbide doped with nitrogen (N) and boron (B). The 6H refers to the crystal 
structure of this SiC-polytype, which is hexagonal (H) with a stacking sequence of 6 
layers. (Syväjärvi 1999) 

Photoluminescence 
Photoluminescence is a process in which a substance absorbs photons and then re-
radiates photons. Quantum mechanically this can be described as an excitation to a 
higher energy state and then a return to a lower energy state accompanied by emission 
of a photon. This is one of many forms of luminescence (light emission). 
(Photoluminescence, Wikipedia) 



 

 

 
Photon 
An elementary particle and the basic unit of light and all othe
electromagnetic radiation.
 
Sublimation 
Transition from the solid phase to the gas phase with no intermediate liquid stage.
 
Substrate 
In this work, a single slice cut out from an ingot, and which is polished to a very fine 
surface on which epitaxy can be performed.
 
Unintentional doping 
A small amount of unintentional doping 
contamination in the equipment used to grow or form the undoped layer.
 
Visible light 
Normal human eyes can detect rad
(violet) and 760 nm (red). For wavelengths below 380 nm and down to about 100 nm 
the radiation is called ultraviolet light (UV). Above 780 nm and up to a wavelength of 
about 1 mm (1000000 nm), the radiation is called infrared light (IR). 
electromagnetic spectrum is presented in Fig. 1.
 

Figure 1. Wavelength spectra.
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