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Abstract We report on the fabrication and characterization of Mo/Au-based 17
Transition Edge Sensors (TES), intended to be used in X-ray detectors. We 18
have performed complete dark characterization using I-V curves, complex 19
impedance and noise measurements at different bath temperatures and 20
biases. Devices with two designs, different sizes and different membranes 21
have been characterized, some of them with a central Bismuth absorber. This 22
has allowed extraction of the relevant parameters of the TES, analyses of 23
their standard behavior and evaluation of their prospects. 24
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1 Introduction 29

30
Superconducting microcalorimeters based on Transition Edge Sensors 31
(TESs) [1,2], are at present the most mature and best performing technology 32
for high resolution single photon spectroscopy, especially for X-rays. TES 33
are considered basic elements in a variety of highly demanding instruments, 34
both on Earth and in space, in fields such as astrophysics, particle physics 35
and materials science. For instance, the detector of the X-IFU (X-ray 36
Integral Field Unit) instrument, the high resolution spectrometer onboard 37
ESA’s next X-ray telescope Athena, will be constituted by an array of nearly 38
4000 Mo/Au TESs [3]. 39
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We are developing Mo/Au TESs for X-ray detection. The dark 40
characterization of several devices, with different sizes and shapes, with and 41
without banks, with and without central absorber, and with different 42
membrane size and thickness, has allowed extraction of the basic behavior of 43
our TESs as a function of these parameters, bath temperature and bias point. 44
Results are quite promising and provide guidelines for optimization and 45
tuning of the devices. 46

47
2 Device fabrication 48

49
Mo/Au TESs with critical temperature Tc~100 mK were fabricated on low 50
stress Si3N4 membranes with thickness 0.5 and 1 m and sizes between 250 51
and 1000 m. Mo/Au thicknesses, TES components and deposition 52
techniques were as reported previously [4,5]. Refinement of the 53
photolithography procedures [6] has allowed complete dry etching 54
processing, high reproducibility and transition widths of 1-2 mK, even 55
without banks. Normal resistance values Rn ranged between 10 and 29 m. 56

Fig. 1 left displays an optical image of one of the devices without 57
absorber. Square TES sizes between 100x100 m2 and 200x200 m2, and a 58
rectangular shape with dimensions 100x140 m2 were tested. 59

Some devices incorporated a central square absorber, either a block or 60
mushroom-shaped, made of electrodeposited bismuth, with typical thickness 61
~4-6 m (Fig.1 right). The electrolyte used for Bi electrodeposition was NB 62
semiplate 100, from NB Technologies, and was deposited with a constant 63
current. The absorber was defined by conventional photolithography 64
techniques, using a seed layer made of 5 nm Ti and 100 nm Au, both 65
thermally evaporated. 66
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Figs. 1 Optical photograph of a bare TES of dimensions 

120 m x120 m on a 250 m x250 m membrane (left) and SEM 

micrograph of a mushroom shaped Bi absorber on a TES (right).  
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3 Characterization 81 
 82 
TESs were characterized through I-V curves, complex impedance and noise 83 
measurements under DC bias, using the setup described previously [5]. This 84 
complete dark characterization was performed at different bath temperatures 85 
Tbath and bias currents (bias points). Relevant parameters were estimated as 86 
is common in literature (see for instance [1] for parameter definition). 87 
Thermal parameters (power, thermal conductance and exponent ‘n’) were 88 
obtained from the I-V curves, recorded with positive and negative current. 89 
Extraction of the main TES parameters (heat capacity C, sensitivity to 90 
temperature  and current , and effective time constant eff) was carried out 91 
using a single thermal block model (STM), which provides a reasonable 92 
approximation for the analyzed devices (most of them had no absorber, and 93 
in those with absorber the very low heat capacity of bismuth could be 94 
ignored).  95 

Fig. 2 displays the thermal conductance to the bath, for the tested 96 
devices, as a function of the radiative area, that is, the TES perimeter times 97 
the membrane thickness. A linear dependence is observed, as expected for 98 
dominant heat conduction by radiation; obtained exponents ‘n’ lie always 99 
between 3.2 and 3.4. The behavior and values observed in Fig.2 indicate that 100 
G values as those required for the X-IFU requirements (LPA2 [3]) are 101 
reached for TESs close to 100x100 m2 on a membrane with thickness of 102 
0.5 m (lower left corner on the graph).  103 
 104 
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Fig. 2 Thermal conductance scaled at 100 mK as a function of the 

radiative area, i.e. TES perimeter times membrane thickness. (Color 

figure online) 
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Fig. 4 Two noise spectra of a representative TES (200 m side with 

absorber in Figs.3), measured at Tbath=50 mK and at biases of 20% and 

40% Rn, respectively. The solid lines display calculated noise using the 

experimental TES parameters and the simplest thermal model (STM) [1], 

as described in the text. (Color figure online) 

 

Fig. 3 displays the sensitivity of the transition resistance to temperature, 123 
, as a function of the bias point, at Tbath=50 mK. For most of the tested 124 
devices  decreases with increasing bias, displaying values between 50 and 125 
100 at low %Rn; some TESs show higher values, up to 200. These values are 126 
fully comparable to those reported by other groups [7,8,9]. The  parameter, 127 
characterizing the sensitivity of the transition to current, lies between 0.1 and 128 
1, also in accordance with other reported values, and below the line 129 
delimitating the separation between the weak link and phase slip dominated 130 
regimes, described by Bennet et al. [10]. There appears to be a correlation 131 
between  and  values (higher  values correspond to higher  values), as 132 
should be expected. 133 
 134 
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Figs. 3  (left) and  (right) at 50 mK along the superconducting 

transition. Legends indicate TES bilayer dimension. Continuous line in 

plot indicates weak link and phase slip regime separation [10]. The 

four upper TESs in the legend have banks, while the other three do not. 

(Color figure online) 
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It should be stressed that the application of a magnetic field was not 162 
available for measurements reported in this work; thus, it was not possible to 163 
cancel any trapped field. It has been lately estimated that remanent fields on 164 
the order of 4-5 T may be present in the setup. This could account for the 165 
variability in sensitivity  and  but would not change the reported 166 
behaviour of the other parameters, which display standard dependences and 167 
scale nicely with membrane and TES sizes. 168 

Fig. 4 displays two spectra, representative for our devices, at two 169 
different bias points and Tbath well below Tc. Also shown in the figure are 170 
three noise curves, calculated by (i) the simplest model (one thermal block, 171 
[1]) using the experimental TES parameters extracted from the complex 172 
impedance and I-V data, by (ii) adding the extra Johnson noise term, which 173 
has become a standard way of accounting for the so-called unexplained 174 
noise [9], and by (iii) including also a phonon-like noise term to account for 175 
the extra noise observed still at low frequencies. The two additional noise 176 
components just described are parametrized respectively by Mjo and Mph 177 
[11]. Fig.4 reveals that the STM reproduces rather well the experimental 178 
noise, thereby validating the use of the single thermal block model to extract 179 
the relevant TES parameters. Introduction of the extra Johnson noise, as 180 
usual, accounts for the bump observed in the spectra at ~10 kHz. Extracted 181 
Mjo values are typically between 1 and 2, thus indicating that the 182 
unexplained noise [8,9] in these TESs is rather low, even though they do not 183 
contain normal metal structures. The other noise component, Mph, which 184 
accounts for the low frequency extra noise, displays nearly constant values 185 
close to 0.5 for all TES. This component, totally uncorrelated to Mjo, is 186 
likely to correspond to an additional thermal fluctuation noise, which could 187 
be accounted for by more complex models, with additional thermal blocks 188 
[12]. 189 
 190 
4 Conclusions 191 
 192 
We have fabricated Mo/Au TES devices with different sizes, geometries and 193 
thermal conductances, with and without banks, and with and without central 194 
absorbers. Systematic characterization of these devices as a function of bath 195 
temperature and bias has allowed extraction of their standard behavior and 196 
relevant parameters. We have shown that our TESs display a rather robust 197 
and coherent general behavior (notably for thermal parameters), with values 198 
close to the state of the art and interesting prospects. Variability in  and  199 
may be partly explained by trapped field in our setup and will be further 200 
analyzed in future work. It is worth mentioning that Mo/Au TESs with and 201 
without banks display identical performances [6], and show rather low 202 
excess noise without normal metal structures in both cases. 203 
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