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The spectral response of a 20000 um? tantalum based superconducting tunnel junction to 5.9
keV x-ray photons from &Fe source has been studied. In full illumination the energy resolution for
the MnK, line complex is 56 eV, dominated by spatial nonuniformity in the response of the
detector. When illuminating selectively a 5—10n diam spot in the center of the detector, the
energy resolution improves to 22 eV, corresponding to 15.7 eV for the individugk Mrand Mn

K .2 lines. This exceeds the predicted theoretical energy resolution of 7.3 eV for this type of device
by only a factor of~2. © 1998 American Institute of Physid$S0003-695(98)00125-9

Superconducting tunnel junptio(STJs) are investigated of a Ta based STJ wittn)=10 will be AEg,~7 eV for 6
extensively as photon and particle detectors because of theigy x rays. Further degradation of the energy resolution can
predicted high energy resolving powefhis high energy pe envisaged due to electronic noise and to spatial nonuni-
resolution arises from the much lower energy necessary tg,mities in the response of the detectdrEquation(2) has
generate detectable electronic excitations, compared {geen shown to be fully valid for Ta-based devices illumi-
semiconductor- or gas-based detectors. In the case of a Syated with lower energy optical photohidét these energies
perconductor these excitatiofguasiparticlesare produced e additional contribution due to spatial nonuniformities is
by the breaking of Cooper pairs, which typically requireshegjigible. The best results for energy resolutiorEat5.9

~meV. For a common superconductor as Nb, the number ofa\/ for a STJ are 29 eV for a Nb-based device with 200 nm
quasiparticles produced by the absorption of a photon withyio A trapping layer$, and 27 eV for an Al devic&’

energyE is: While these results are impressive they are still inadequate
E E for practical applications in astrophysics where a resolution
No(E) = - ++/—F (1) below 15 eV is required to resolve satellite lines from highly

ionized iron, such as He-like bv .

Here e~1.74A (with 2A the energy gap of the supercon- The STJs used for the present work have been fabricated
ducto is the average energy required to generate one qu&y Oxford Instruments Scientific Research Divisit@am-
siparticle andF =0.22 is the Fano factdr® The quasiparti- bridge, UK. They are Ta—Al-AlQ-Al-Ta multilayers de-
cles can be detected through tunneling across the thiRosited on polished sapphire substrates. The leads ara 3
insulating barrier of a STJ. The amplitude of the signal pulsgvide and made of niobium, in order to prevent diffusion of
measured after the absorption of a photon will, in a firstquasiparticles from the lower energy gap tantalum into the
approximation, be proportional to the number of generatedeads. The tantalum layer thicknesses for base and top elec-
quasiparticles and, thus, to the energy of the photon. Th&odes are 110 and 95 nm, respectively. The aluminum layers
fundamental limit for the energy resolution is set by the Fangare 5 nm thick on either side of the barrier. The base film
factor and would be\Eg,,¢~3 eV [full width at half maxi- tantalum is epitaxial, with a residual resistance ratio of 48,
mum (FWHM)] for a 6 keV x-ray photon in a tantalum STJ, Whereas the top electrode is polycrystalline. The Alar-
assuming the values fd¥ and e are similar to those calcu- fier has an estimated thickness-of nm and a resistance of
lated for Nb. In a practical STJ detector additional statisticar~2.5x 10" ° Q cn?. The energy gap of the devices at the
fluctuations occur in the number of tunneled electrons. For ®arrier, as derived from the current-voltage-V) curves
symmetrical STJ as used for this work, the limiting energyand assuming equal gaps in top and base electrode) is 2

resolution arising from statistical fluctuations is given‘sy: =1.31 meV, close to that of bulk Ta. Leakage current den-
sities, as measured &t=0.30 K, are typically~ 30 fA/um?.
/ 1 The available device sizes range fromx1D to 100<100

ABsia=2.355 EE( Fhi+ (T) : @ wum? The work described in this letter has been performed

, on a 100100 um? STJ.
with (n) the average number of tunnel processes per quasi- The experiments have been performed #He cryostat

particle. Typically, the statistically limited energy resolution . iis pase temperature of 0.30 K. A superconducting magnet
provides the magnetic field o£8 mT required to suppress
3Electronic mail: pverhoev@astro.estec.esa.nl the STJ's Josephson current and Fiske steps. The x-ray
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TABLE |. Energy and relative strength of the individual lines in the Kin b4 010 I L L L L
complex. 200 T

Line Energy(eV) Relative strength base Kg

Mn K, 5898.75 100 150
Mn Ko 5887.65 51 150 1
Mn K g 6490.45 12
Mn K g 6490.45 6 100
Mn K gs 6535.20 0.0053

22.0 eV
15.7 ev[

top Ky
100 50

COUNTS/BIN

source is a radioactive®Fe sample emitting the MK, (E
=5895 eV} and Kz (E=6490 eV} line complexes. The 0 RS
energy! and relative strengfi'® of the individual lines of 4400 4425 445D
this complex are listed in Table I. About 5% of the photons
incident on the detector are absorbed in each of the two
electrodes, while 90% are absorbed in the underlying sap-
phire substrate. A collimating pinhole with a diameter-&?
um at a distance of~60 um from the detector chip is used
to selectively illuminate a small fraction of the total detector 0
area. The diameter of the illuminated spot in this configura- 42 44 46 48 S0 52
tion is estimated as 5-1@m (FWHM). The pinhole is CHARGE (a.u.)
aligned to the center of the STJ at room temperature With @R 1. part of the pulse height spectrum from a 000 xm? STJ illu-
accuracy’ of =3 um. From previous experience with minated with a®Fe source emitting the MiK, (E=5.9 keV) and Mn
smaller STJs, the misalignment with respect to the center dfs (E=6.5 keV) line complexes. The source is collimated to the center of
the STJ after cooldown is estimated<al0 um. The rate of Fhe STJ. The insert shows the bgse electnogding in detail. The_ solid line

. . . is the result of a least squares fit to two Gaussians representing tte,Mn
events detected in either of the two electrodes iscts/min. . 4 MnK_., (dashed lines
A separate experiment on the same STJ without the collimat-
ing pinhole was performed in order to measure the detectors
energy resolution in full illumination mode, thereby assessthe MnK, and MnKg lines (Qz/Q,=1.092) is smaller
ing the overall contribution from spatial nonuniformities. ~ than the ratio of the corresponding energieg;(E,

The STJs are read-out with room temperature electron=1.101). This indicates some degree of energy nonlinearity
ics, consisting of a charge sensitive preamplifier~dt m  in the detectors response, which is attributed to self-
from the STJ, and a shaping stage. The total electronic noisecombination of quasiparticlé3 All derived energy resolu-
of the combination of STJ and electronics can be measuretions have been corrected for this energy nonlinearity. The
as the width of the pulse height distribution from electronicmeasured energy resolutigfWHM) for the base electrode
pulser signals which are regularly fed into the electronicaMn K, line complex isAE=22.0+2.0 eV (see insert in Fig.
during data acquisition. For each detected photon the chargp, while the top polycrystalline Ta electrode gives 29 eV.
output, which corresponds to the total number of tunneledHowever, when fitting the measured line profile to two Gaus-
electronsN(E) =(n)Ny(E) and the rise time of the charge sians corresponding to MK, and MnK ,,, with their rela-
pulse, which corresponds to the decay time of the currentive intensities and energy separation fixed to the values in
pulse from the STJ, are stored on a PC. Table I, the single line energy resolution for the base elec-

The typical signal measured for a 5.9 keV x-ray photontrode is found a2\E=15.7+ 2.3 eV. The noise level in this
absorbed in the base electrode isX 4P tunneled electrons, measurement iIAE,s=5.7 €V. The estimated contribution
corresponding to an average number of tunnel processes peom the statistical nois€Eg. (2)], using(n)=28, is AEgy
initial quasiparticle(n)~28. The 1é¢ decay time of the =6.9 eV, and the natural linewidtfs'’ of the K, lines are
pulses, as derived from the rise time of the pulses from th E,,=2-3 eV. Therefore, the residual broadening of the
charge sensitive amplifier, is typically 2@s. Variations of single MnK ,; line, obtained after subtraction of electronic
+10% in measured charge and rise time occur between difioise, natural linewidth, and statistical noise, A
ferent cooldown cycles. The signal from the top electrode is=12.5+2.0 eV. This residual broadening seems too large to
usually within a few percent of the base electrode signabe explained simply by spatial variations over<d0 um
amplitude. The measured energy resolution in full illumina-spot near the center of the device, compared to the 56 eV
tion is AE~56 eV (FWHM) for the base electrode and resolution measured in full illumination of the 1800 um?
slightly more for the top electrode. The noise level, as meaSTJ. However, it is estimated that fluctuations in the bias
sured from the electronic pulser signal, AE,,c~12 eV  voltage, induced by the voltage noise of the input field effect
(FWHM) in this measurement. transistor(FET) of the charge sensitive preamplifier might

The spectrum obtained with the collimated source isprovide an additional contribution to the right order. Gener-
shown in Fig. 1. The assignment of the peaks to top and basaly, the gain of the device depends on the applied bias volt-
electrode is based on the difference-610% in the number age and thus, variations in the bias voltage will give rise to
of counts, which is in agreement with the thickness ratio ofvariations in the measured pulse height.

the electrodes. The measured ratio of the pulse heights for In summary, by constraining the illuminated area of the
Downloaded 09 Jun 2005 to 192.171.1.126. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp
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