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Two miniature pinhole camera arrays for spatially and temporally resolved measurements of soft X-ray emission
have been designed for the URAGAN-2M stellarator. The power of soft X-ray filtered by different filters has been
calculated numerically in order to optimize applicability of two foils temperature measurement technique. In the initial
operation, a Be foil with a thickness of 10 um and Al filter of 3 um have been chosen to test signal strength and to test
two foils temperature measurement technique. SXR photodiodes photocurrent amplifiers with bandwidth up to SMHz
have been designed for signal amplification. Digitizers with 12 bit resolution and sampling rate up to 8 MS/s have been

tested for SXR data acquisition.
PACS: 52.55.Hc; 52.70.La

1. INTRODUCTION

In the URAGAN-2M torsatron R=1.7 m, a=0.24 m,
Bi<1 T, two type of RF discharges with low ne<10?cm>,
and high densities are induced by frame and strap RF
antennas. An application of Thomson scattering (TS)
diagnostics is limited in the low density plasmas. Electron
cyclotron emission (ECE) diagnostics applications limited
by ECE cut-off in the high density case. A multichord soft
x-ray (SXR) diagnostics is a robust tool for the plasma
profile evolution monitoring and plasma fluctuations
studies in wide plasma conditions range. There are no
cutoff problems due to the plasma itself, i.e., plasma is
optically thin in the range of soft x-rays. The SXR
channels have a fast digitizing rate and consequently a
high time resolution, crucial for prompt detection of
rapidly developing phenomena. Soft x-ray (SXR) arrays
provide a line-integrated x-ray emissivity or brightness on
a number of viewing chords. It allows reconstruct plasma
profile with high special resolution. Relative simplicity
and low cost of the SXR diagnostics (to ECE, TS) in
addition to its high performance determine its wide
application in tokamaks, stellarators, reverse field
pinches, etc [1-3]. In addition it is also widely used to
evaluate the electron temperature (T.) by the absorber foil
method via soft x ray energy region above 2 keV, where
the majority of the soft x-ray radiation comes from the
bremmstralung contribution [4-5]. Thick foils (in the
50um range and higher) are used for such a range. High
performance of SXR detector and preamplifiers is
required for its application in low temperature and density
plasmas. An applicability of thin foils is limited due to
strong influence of the spectral lines radiation, however
SXR diagnostics based on 0.9/6.15 pm foils can be used
for row temperature estimation in a moderate impurities
concentration case[4]. Optimization of foils thickness as
well as preamplifiers for the URAGAN-2M stellarator is
described in present work. In order to increase SXR signal
strength and remain its appropriate spatial resolution SXR
pinhole camera design optimization for URAGAN-2M
stellarator geometry in condition of non-circular rotated in
toroidal direction magnetic surfaces has been performed
in the present work.

2. ADAPTATIONS OF TWO FOIL
TECHNIQUE

The x-ray continuum radiation emissivity by the
bremsstrahlung formula for a Maxwellian plasma:
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where dW is the radiation power emitted in the photon
energy interval dE and ne, N;, Zg, and T, are electron and
ion density, effective plasma charge and electron
temperature, respectively. The SXR intensity in a detector
defined by integrated along line of sight | and photon
energies E of x-ray continuum emitted by plasma filtered

by a foil is given by :
:() { } { u
exp| ——=(E) p-t |dEdl,
j JT. I T. (D p
where p/p is the mass energy absorption coefficients of a
foil. A dependence of wp of aluminum (Al) and beryllium

(Be) on the photon energy is not monotonic in a low
energy range 10...100 eV [6] as shown in Fig. 1.
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Fig.1. Al and Be mass energy absorption coefficients [6]

The aluminum absorption also has a peculiarity in lkeV
range. These peculiarities limit two foils T, measurement
technique for thin foils due to significant impact of the
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low energy photos. Soft X-ray emission in the plasma
includes free-bound recombination radiation, bound-
bound line radiation are also introduce photons in the low
energy range and affect considered T, measurement
technique.

The x-ray continuum radiation has been calculated
numerically using absorption coefficients from Fig. 1 and
parabolic and constant densities and temperatures radial
profiles. According to the numerical calculations, in a
case of 50 um Be foil filter, sensitivity to the photons
below lkeV is considerably suppressed (Fig. 2, a).
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Fig.2. SXR intensities passed from Al and Be foils (a);
ratio of the intensities from different foil combinations(b)
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The beryllium filter introduces the energy response closer
to the exponential function. Its applications are preferable
in that point of view. The energy dependence of SXR
intensities ratios from different foils combination are
shown in Fig. 2,b. However thin aluminum foils is more
common and produces significantly higher signal
intensity (lower requirement to the SXR detector and
preamplifiers) combination of 1.5/2.25 um Al foils is not
allowed to determine T.. A higher difference of the foil
thickness is required for considerable dependence of
intensities ratio R on the electron temperature. The
0.9/6.15 pm Al foils combination considered in [4] allows
T, estimation in moderate impurities concentration case,
however influence of spectral linens the 1...200 eV range
is high in 0.9 um Al foil case. The 3um Al / 10 um Be
foils combination introduces considerable R dependence
on Te in 0.1...1 keV range. Such a combination is
proposed for initial SXR signals testing on the
URAGAN-2M torsatron. Such foils thickness maintain
significant SXR signals form AXUV-20EL[7] detector
and 10° V/A preamplifier in the case of average electron
temperature T.~200 eV and average electron density
ne~5-10"2 em[1].

3. GEOMETRICAL DESIGN

Each miniature SXR camera system is designed so as
be inserted through a small, round port with an inner
diameter of 4 cm. Each SXR camera array consists of a 20
channel photodiode linear array IRD AXUV-20EL[7] and
a pinhole. Figure 3 shows design of the detector head. The
front cover consists of two circular disks having pinholes
in the middle. Be or Al foil is clamped between the disks.
The pinhole and filter assembly can be taken apart from
the main camera head, facilitating change in filter
thickness or pinhole size. The size of the pinhole and its
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location relative to the diode array are optimized to cover
the whole poloidal cross section and to achieve a good
spatial resolution with minimum overlap with nearby
channels. Each array consists of 20 fanlike lines of sight.
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Fig.3. Design of SXR camera head

Fig. 4 shows the lines of sight of two arrays viewing
horizontally and vertically across the plasma cross section
through two ports separated by 90° the poloidal direction.
Each IRD AXUV-20EL array contains 20 rectangular
photodiodes, each having a sensitive area of 0.75x4 mm
and an active thickness of 35 um.
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Fig. 4. Lines of sight of the SXR detector arrays across a
URAGAN-2M cross section



4. PREAMPLIFIERS AND DATA AQUISITION
DESIGN

AXUV-20EL photodiodes have flat response over a
wide range from visible light to x-ray and are therefore
also suitable for bolometric measurements. High
responsivity of 0.275 A/W, low noise and 200 ns risetime
allow AXUV-20EL applications in high speed SXR
systems. Precision, low noise, 10 MHz bandwidth, small
size operational amplifier AD8606 has been selected for
SXR diode current preamplifiers. Designed 5 MHz,
10°V/A preamplifier has been tested on photomultiplier
as a current source on the charge exchange neutral
particles diagnostics (CX) and on spectral lines
diagnostics on U-3M trorsatron. An example of the
testing waveform obtained using the preamplifier is
shown in the Fig.5.
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Fig. 5. Preamplifier testing waveform (photomultiplier
signal source on charge exchange diagnostics,
U-3M torsatron); and its design

The photomultiplier signal (upper Fig. 5) is linked to the
CX analyzer sweeping voltage (lower Fig.5). In the
considered design the AXUV diodes are connected in a
biased common anode configuration as in [1]. The
preamplifiers are placed near the diode assembly, in a air
side of a feedthrough connector. Low coast, 12 bit
resolution, 16 channels, up to 8 MS/s sampling rate,
IMS/channel on board memory TEREX ET-1255 ADC
board [8] have been chosen and tested for the SXR
diagnostics.
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PA3PABOTKA MHOTI'OXOPJJOBOI'O HABOPA JETEKTOPOB MSIT'KOI'O PEHTTEHA
JJIS CTEJUTAPATOPA YPAT'AH-2M

M.b. /lpesans

JIBa MMHMATIODHBIX HAaT4YMKA JUId M3MEPEHHs BPEMEHHOIO IOBENEHHS M IPOCTPAHCTBEHHOIO pPacIpelesIeHUs
U3JIyYeHUS] MSATKOTO PEHTreHa ObLIM CIPOeKTHpOoBaHbl mis creiuapatopa YPAT'AH-2M. MomHocTs MSTKoOro
pEeHTIreHa, NPOXOJAIIEro 4Yepe3 pas3iuuyHble (QWIBTPBI, ObUIA pacCUMTaHa YHCIEHHO C UEJIbI0 ONTUMU3ALHN
NPUMEHHUMOCTH TEXHHKH HW3MEpPEHUsl TeMIlepaTyphl IUIa3Mbl, Oasupyromielicss Ha JBYX ¢osnbrax. B HayanbHBIX
9KCIIEPUMEHTAaX Il TECTHPOBAHMS BEJIMYMHBI CHTHAJa MSTKOTO PEHTI'€Ha W IPOBEPKH TEXHUKH IBYX (HOJbr ObLIM
BbIOpaHb! 10 MKM-OepriuneBas u 3 MKM-amtoMuHKeBast Gosibru. beum paspaboransl yeunaurenu GoToToka (GoToaro1a
MSITKOTO PEHTTeHa C YaCTOTHOM monocoii 10 5 MI'1. AHanoroBo-1iudpoBsie npeodpazoBarel ¢ paspelieHueM 12 out u
yacToTOH on(poBKH 10 8 MI'11 ObIIM TPOTECTUPOBAHBI YISl MX IPUMEHEHHS B TUarHOCTHKE MATKOTO PEHTTeHA.

PO3POBKA BATATOXOPAOBOI'O HABOPY JETEKTOPIB M'AKOTI'O PEHTI'EHA
JJISA CTEJIJIAPATOPA YPAT'AH-2M

M.b. /Ipesans

JlBa MiHIaTIOPHUX JATYUKH JJIsl BAMIPY THMUYacOBOTO MOBOJUKEHHS i IPOCTOPOBOIO PO3NOALIY BUIPOMIHIOBaHHS
M'IKOTO peHTreHa Oynm crpoekroBaHi 1yt cremiaparopa YPAI'AH-2M. IloTyxkHICTh M'SIKOro peHTIeHa, II0
MPOXOAUTH Yepe3 pi3Hi GimbTpu, Oyiia po3paxoBaHa YUCEITHHO 3 METOI ONTHMI3allii 3aCTOCOBHOCTI TEXHIKHA BHMIPY
TEeMITepaTypH IJ1a3Mu, 0a30BaHOT Ha ABOX (oJibrax. Y MOYaTKOBHUX €KCIEPUMEHTaX JJIsl TECTYBaHHS BEJIMYMHH CUTHATY
M'SIKOTO PEHTI'eHa i MepeBipKU TeXHiKH ABOX (oser Oyino obpaHo 10 MKM-OepuitieBy i 3 MKM-aqrOMiHI€BY (DONBIH.
Bymno po3pobneHo migcwiroBadi (GoTocTpyMy GoTomiona M'SKOTO PEHTIeHA i3 YacTOTHOK cMyrowo 1o 5 MI.
AHanoroBo-udpoBi mepeTBoproBadi 3 po3auieHHsM 12 6it i gacToToro orudposku Ao 8§ MI'm Oynmu mporecToBaHi s
TXHBOT'O 3aCTOCYBAHHS B J[IarHOCTHIII M'SIKOTO PEHTIeHa.
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