40" EPS Conference on Plasma Physics P5.106

Broad-band efficiency calibration of ITER bolometer prototypes using Pt
absorbers on SIN membranes

H Meistett, M Willmeroth!, D Zhand, A Gottwald®, M Krumrey?, and F Scholze
1 Max-Planck-Institut fir Plasmaphysik, EURATOM AssooiatiBoltzmannstr. 2, 85748

Garching, Germany
2 Max-Planck-Institut fiir Plasmaphysik, EURATOM AssooiatiTeilinstitut Greifswald,
Wendelsteinstral3e 1, 17491 Greifswald, Germany
3 Physikalisch-Technische Bundesanstalt (PTB), Abbest?aR?, 10587 Berlin, Germany

Introduction

In view of ITER, R&D efforts have been started to develop aaadn resistant detector
suitable for the operation under the harsh environmentaditions expected. So far, these ef-
forts resulted in a detector prototype based on the desigmeatommonly used foils with Au-
absorber on a mica or kapton substrate [1], but now usindp&trder on SiN-membrane with
Pt-resistors on the back side for each of the 4 channelssid¢eelopments [2] led to a version
featuring an up to 12.6m thick absorber suitable for the detection of high energytphs as
they are expected from the centre of the ITER plasma withigils &lectron temperatures.

The most accurate reconstruction results of the spatisilulision of the plasma radiation
to support transport studies or enhance the accuracy ofvidaated total radiative loss g
deduced from the line-integrals can be achieved only if thergy resolved efficiency of the
photon absorption of the bolometer detectors are knownhisoaim, the absorption efficiency
of the new prototype detectors has been calibrated for Bbsoof two different thicknesses in
a broad spectral range (3 eV up to 25 keV) by making use of thelsgtron radiation facilities
of the Physikalische Technische Bundesanstalt (PTB) aéléatron storage rings BESSY I
and MLS. Additional measurements for the VIS (1.46 eV up t&Bleave been conducted in
the lab.

Experimental set-up

For energies above 3 eV, the incident radiant power was measy calibrated silicon pho-
todiodes as reference detector with relative uncertamti@bout 1%. For the measurements in
the VIS (400 nm—-850 nm) monochromatized radiation from adpth lamp was focused onto
the detector and adjusted to fall completely onto the alesaabea in the laboratory of IPP. A
calibrated laser power meter was used as reference withcantamty of 5%.

For all calibration measurements the prototype detectwketer 1: flow chart 1100025,
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waver 481, chip L with 12.5m thick absorber; bolometer 2: flow chart 900076, wafer 234,
chip D with 4.5um thick absorber) have been connected to the same dataiioguisirdware.

It can be operated in both, calibration mode to determinelétector parameters, i.e. meander
resistancéR, cooling time constant, normalised heat capacikyand offset of the Wheatstone-
bridgeUos in-situ, and in measurement mode. The respective procedhanee been described
in detail elsewhere [3]. The sampling time chosen for thesexpents was 19.2 ms, the highest
the ADC could achieve, in order to reduce readout noise athrasipossible.

Before each measurement, the procedures for determi®imgk andUqss have been run.
After acquiring the measurement signals, i.e. the timestcd¢he bridge voltagey, for each de-
tector channel, the detected poweigis evaluated according 8,4 = Ak [T% +Up(1— %)
(equation 16 in reference [3]) and a software implementatibthe Savitski-Golay-filter for
calculating the time derivative df,. The constant®& and B depend on the properties of the
electrical circuit for each Wheatstone bridge, e.g. emgitvoltage of the bridge, cable resis-

tance, etc.
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detected power is shown in figure 1. For all measurements ntlaeldackground can be well
approximated using a linear function. The parts of the tiraed used to determine this function
are indicated in blue. The average poWsyi, as measured by the bolometer is now determined
by calculating the average value of the signal during the timhen the shutter was open (red
parts of the time trace). Those parts of the time during wkhehshutter opens or closes, plus
an additional delay to account for the filter width of the $aky-Golay-filter (also applicable
at the start of the measurement cycle), have neither beehfasealculating the background
nor the average power (black parts of the time trace). Therntaiaty of the average power is
determined using Gaussian error propagation and takingmlt uncertainties into account.

The efficiencyn for each photon energy measurednis= pDTg'O, whereP, is the incident
radiant power, measured with calibrated diodes.
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Measurement results and discussion

The results from scanning range and sampling time settiegsdstrated that the data ac-
quisition system used to implement the in-situ calibrapoocedure and the measurements is
well capable of applying various range and sampling timerggt which can be chosen to match
the experimental conditions. Measuring low incident rati@owers helped to assess the perfor-
mance of the prototype detectors and to project this to ta@ns fusion experiment like ITER.
According to fig. 1 the power as determined by bolometer 2 hasise level of+0.1uW; the
one for bolometer 1 (not shows)0.2uW. Thus, under optimal conditions, the lowest power
level which can be detected by the bolometers is aboytt'®/2Taking the surface area of the
detector exposed to the radiation of 4.94 finto account, this relates to a line averaged radiant
power density of 40 mW/dwhich would be, in ideal conditions, the lower limit detdaitain a
fusion experiment when using these detectors. For morestieadonditions it is expected that
this increases to 0.2 W/m
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to measurements which had
10 be made at the lowest ra- Figure 2:Efficiency of 4 bolometer channels vs. photon energy.
diant powers. In addition to the measured efficiency, thegdi®n coefficient according to [4]
is drawn as a continuos line for an assumed absorber thiskafé&s7um and as a dashed line
for an assumed absorber thickness ofj 4 For energies below 100 eV the reflectivity of Pt
under 90 incidence according to [5] is drawn as a dot-dashed linesé& kalues from literature
denote the efficiency of the bolometers which could be exgueict an ideal case.

At 11.56 keV the sharp Ptdabsorption edge allowed to cross-check the absorber thgskn
by fitting the measured efficiency to the theoretically expd@bsorption of X-rays in a homo-
geneous Pt-layer. The nominal thickness of the thin abssdmild be confirmed, however not

the one of the thick absorbers. To decide whether the diaoeps between nominal and mea-
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sured thickness are due to differences in the assumed Bityglehthe absorber or variations in
the production process, Rutherford backscattering (RB&surements will be performed.

The calibration measurements clearly demonstrate tha&tftiseency of the bolometer proto-
type detectors in the range of 50 eV upi® keV is close to unity; at a photon energy of 20 keV
the thick absorber detects 80% of the photons, the thin Bbsabout 50%. This indicates that
the detectors will be providing an absolutely calibratechsugement of the plasma radiation
expected from the standard ITER scenario. However, a mimirtiuckness, which can be de-
termined by using literature data for the absorption caefiicof the absorber material, will be
required to detect the high energetic radiation from thereéplasma (up to 25 keV, depending
on the envisaged scenario).

Below 50 eV the photon absorption first follows the refleceapgpected for Pt, but below
10eV it is reduced further by a factor of 2 for the thick abswrand a factor of 4 for the thin
absorber. Most probably, the different histories in prdaiur; storage and operation led to vary-
ing surface conditions which in turn influenced the resuit. fature detector prototypes it is
envisaged to investigate possibilities for blackeningdheorber in order to enhance the pho-
toabsorption in the VIS and VUV range. However, in view of H'E will be highly important

to consider potential degradation effects of such measures
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