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Introduction 

The advanced stellarator Wendelstein 7-X, currently 
realized by IPP in Greifswald, is the next step in 
nuclear fusion research [1]. This device is going to 
demonstrate steady-state operation under plasma 
conditions relevant for a future fusion power plant. 
During the fi rst operation phase OP1.1, the installed 
diagnostics will be checked and tested under stel-
larator conditions. One of them is the pulse height 
analysis (PHA) system which is foreseen to exam-
ine the soft X-rays emitted from the plasma during 
long pulse operation of W7-X [2]. This system was 
developed and manufactured at the Institute of 
Plasma Physics and Laser Microfusion (IPPLM), 
with the support and infrastructure provided by 
IPP, Greifswald [2]. The PHA diagnostic allows to 
investigate parameters such as the electron tempera-
ture, impurity content (e.g., C, Fe, Ni), as well as 
possible suprathermal tails in the spectra. However, 
in order to determine these parameters, the PHA 
system must be equipped with suitable detectors 
enabling effi cient and effective operation. For this 
purpose, two silicon drift detectors (SDDs), one 
made by Amptek and a second one by PNDetector, 
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Abstract. The paper presents comparison of two silicon drift detectors (SDD), one made by Amptek, USA, and 
the second one by PNDetector, Germany, which are considered for a soft X-ray diagnostic system for W7-X. The 
sensitive area of the fi rst one is 7 mm2 × 450 m and the second one is 10 mm2 × 450 m. The fi rst detector is 
cooled by a double-stage Peltier element, while the second detector is cooled by single-stage Peltier element. Each 
one is equipped with a fi eld-effect transistor (FET). In the detector from Amptek, the FET is mounted separately, 
while in the detector from PNDetector, the FET is integrated on the chip. The nominal energy resolution given 
by the producers of the fi rst and the second one is 136 eV@5.9 keV (at –50°C) and 132 eV@5.9 keV (at –20°C), 
respectively. Owing to many advantages, the investigated detectors are good candidates for soft X-ray measure-
ments in magnetic confi nement devices. They are suitable for soft X-ray diagnostics, like the pulse height analysis 
(PHA) system for the stellarator Wendelstein 7-X, which has been developed and manufactured at the Institute 
of Plasma Physics and Laser Microfusion (IPPLM), Warsaw, in collaboration with the Max Planck Institute for 
Plasma Physics (IPP), Greifswald. The diagnostic is important for the measurements of plasma electron tem-
perature, impurities content, and possible suprathermal tails in the spectra. In order to choose the best type of 
detector, analysis of technical parameters and laboratory tests were done. Detailed studies show that the most 
suitable detector for the PHA diagnostics is the PNDetector. 
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have been considered and tested in the laboratory. 
Final results presented in this paper were decisive 
in choosing one of them. 

Application of silicon drift detectors for soft X-ray 
measurements 

The PHA system is a diagnostic that should provide 
the spectral energy distribution of emitted X-rays 
with an energy resolution high enough to separate all 
impurity spectral lines [3]. The system designed for 
W7-X is based on three energy channels (equipped 
with three SDDs), which allow to record an X-ray 
spectrum in three different energy ranges. With this 
solution, the sensitivity for impurity species increas-
es. The fi rst channel, features a very thin Polymer 
window, to be able to cover the energy range between 
250 eV and 20 keV. The second and third channel 
will be used to record spectra in the range 0.9–20 
and 1.5–20 keV, respectively. In order to choose the 
proper energy range, depending on the experimental 
conditions, all channels are equipped with additional 
fi lters. To increase or decrease the photon fl ux, all 
channels have individual control of the pinhole (each 
pinhole consists of two piezo slits, which can be 
changed in the range 0–1.35 mm). The effi ciency of 
three energy channels are presented in Fig. 1. 

The SDDs are suitable for low-energy X-ray 
spectroscopy because they combine a large sensitive 
area with a small value of the output capacitance [4]. 
Owing to this fact, they are the best candidate for 
the PHA diagnostics. 

Thereby, these sensors are characterized by a 
higher resolution and count rate in comparison to 
other semiconductor detectors. Additionally, anoth-
er benefi t of these detectors is their cooling system 
based on the Peltier element. It allows to work at 
room temperature and thus avoids impractical liquid 
nitrogen cooling. 

In the case of the PHA system, two different 
SDDs were considered. Both detectors are widely 
used in X-ray spectroscopy because of the numerous 
advantages that they guarantee. Selecting one of 
them was based on, i.a. matching technical param-
eters to the future PHA working conditions. 

The first detector, made by Amptek (model 
XR-123SDD), has a silicon crystal with a thickness 
of 450 m, an active area of 7 mm2, and a Be win-
dow (with thickness of 12.5 m). This detector is 
cooled by double-stage Peltier element that sets the 
operating temperature to –50°C. The energy resolu-
tion given by the producer can achieve 136 eV at 
5.9 keV. The second detector from PNDetector 
(model SDD-10-130 BeW ic) with thickness of 
450 m and an active area of 10 mm2 is equipped 
with an 8-m thick beryllium window. The crystal 
is cooled by single-stage Peltier element to around 
–20°C. In this case, the energy resolution given by the 
producer is 132 eV at 5.9 keV. Both detector systems 
are equipped with a fi eld-effect transistor (FET). 
However, their location in the sensor system is dif-
ferent. The SDD by Amptek uses the FET mounted 
separately, while the SDD from PNDetector has 
the FET integrated on the chip. In both cases, the 
application of the FET is very important because it 
contributes to improve the energy resolution. 

Laboratory test (experimental setup)

Laboratory tests of the two detectors were carry out 
by using X-ray fl uorescence (XRF) analysis. XRF is 
a widely used and non-destructive technique for the 
analysis of materials. This method is based on the 
generation of characteristic X-rays from a sample, 
which is irradiated by an X-ray tube or a radioac-
tive source [5]. During this process, X-rays can be 
absorbed by an atom. Consequently, this leads to the 
ejection of an electron from the atom, thus creating 
vacancies. After this, in order to obtain a stable state 
again, an electron from the outer shell falls into the 
vacancy that is located in the inner shell. Then, as 
a result, the characteristic X-ray radiation is gener-
ated. Its energy is equal to the difference between 
the energy levels of outer and inner shells. 

In the present laboratory tests, a mini X-ray 
tube (made by Amptek) was used as an excitation 
source. The features of this device are a silver (Ag) 
transmission target, a beryllium end window, and 
a 40 kV/80 A power supply. The applied X-ray 
source was integrated with the PHA system. 

A calibration was carried out by measurements 
of fl uorescence spectra using well-known materials 
such as Fe, Cu, Cr, and Ni. These elements originate 
from a stainless steel plate with the addition of cop-
per. The acquisition time was about 90 min. The 
calibration procedure was performed separately for 
each of the two investigated detectors. This process 
allowed to verify the parameters of detector such as 
especially the full width at half maximum (FWHM). 

In spectra registered with both detectors, seven 
lines derived from iron (Fe), nickel (Ni), chromium 
(Cr), and copper (Cu) are identifi ed. These corre-
spond to the two characteristic transitions K and 
K. The K lines (in presented case: KCr, KFe, 
KNi, KCu) correspond to transitions from the 
M and N shells to the K one, while the K lines (in 
presented case: KCr, KFe, KCu) correspond to 
transitions from the L to the K shell. Examples of Fig. 1. Effi ciency of three energy channels.
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these spectra are presented in Figs. 2 and 3. These 
results show that both the detectors work in a satis-
factory manner because all expected lines were regis-
tered. The same fi gures show the calibration curves. 
The dependency between channel and energy is nec-
essary to create another graph that gives the FWHM 
as a function of the energy range for each detector 
(Fig. 4). The obtained dependence shows that in the case 
of the sensor from PNDetector, the energy resolution 
increases with energy and its value is maintained at an 
average level of 123.600 ± 0.003 eV. This dependence 

did not occur in the detector from Amptek. Prob-
ably, this is connected with the measured spectrum 
in which the individual lines have jagged shape. 
Moreover, in the case of the sensor from the United 
States, the energy resolution is slightly worse – about 
131.800 ± 0.004 eV. Although both detectors were 
positive in this test, the SDD made by PNDetector 
was slightly better. 

Conclusions 

In the second half of 2015, the fi rst experimen-
tal campaign on the Wendelstein 7-X took place. 
During the fi rst operation phase OP1.1, the PHA 
system starts its work. The basis of the system will 
be three SDDs, which will allow to determine some 
important parameters from a plasma diagnostic 
point of view. Two detectors, one from Amptek and 
one from PNDetector, were tested in the laboratory, 
including an analysis of their technical parameters. 
The obtained results indicated that the SDD from 
PNDetector is sligthly better. The measurements of 
the fl uorescence spectra show that its average energy 
resolution is about 123.600 ± 0.003 eV (the target 
contained Fe, Ni, Cr, and Cu). Moreover, its technical 
parameters such as single-stage Peltier element, FET 
integrated on the chip, as well as the optimum size 
of the chip (10 mm2 × 450 m) give an advantage 

Fig. 2. Registered spectrum by the SDD from PNDetector (8-m Be window) with calibration curve. 

Fig. 3. Registred spectrum by the SDD from Amptek (12.5-m Be window) with calibration curve. 

Fig. 4. The full width at half maximum (FWHM) as a 
function of energy range (for both detectors). 
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over the similar detector from Amptek. Thereby, in 
the PHA system, three SDDs made by PNDetector 
(two with Be window and one with Polymer window) 
were used. This solution should provide stable and 
effective operation conditions of the system, already 
during the fi rst operational phase of W7-X. 
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