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Abstract

We present the performance of Transition Edge Sensors (TES) using Au/ Ti bilayer (operating temperature 69
mK) with fast decay time for industrial applications. The energy resolution was 11.4 eV for Mn Kα1 (designed
value 3.7 eV) and the decay time 219 µs, yielding the count rate 760 cps (count per sec.). We found that the energy
resolution was limited by excess noise. The excess noise increased in proportion to the inverse of TES resistance as
decreasing the TES resistance from normal resistance. The source of excess noise might exist in the TES.
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1. Introduction

Transition edge sensors (TES) are promising as x-ray
detector that can rapidly measure a wide range of x-
ray energy with high-energy resolution. For industrial
application, the energy resolution should be under 10
eV because the chemical bonding of the material can
be measured. Furthermore the count rate should be
the same (2 k–3 k cps: count per sec.) as that for con-
ventional silicon detector commonly used in the X-ray
fluorescence analysis. Using bulk micromachine tech-
nique, we previously developed TES structure [1], in
which the support substrate of Silicon On Insulator
(SOI) wafer remains if part of silicon under the mem-
brane is etched. This structure increases the mechani-
cal strength of the wafer. When this structure is used,
the count rate of the system can be increased by ar-
ranging a lot of TES on the same wafer without de-
grading the mechanical strength of the wafer. In this
study, we developed TES whose design energy resolu-
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tion was 3.7 eV and designed count rate was 2 kcps for
single TES. We achieved the energy resolution 11.4 eV
for Mn Kα1 and the decay time 219 µs, yielding the
count rate 760 cps.

2. Experimental set up

Figure 1 shows the photograph of the TES. The Bi-
layer and absorber were fabricated on 1 µm-thick SiNX

membrane. Each bilayer was Au (110 nm thickness)/
Ti (40 nm thickness) and was 0.5 mm×0.5 mm. Each
absorber was Au (300 nm thick) was 0.3 mm×0.3 mm.
Table 1 lists TES parameters; τ0 is the intrinsic de-
cay time (C/G) where C is the heat capacitance and
G is the thermal conductance, α ≡ d lnR/d lnT is the
sensitivity of TES. The SQUID amplifier was fabri-
cated for the amplifier of TES and driven by using FLL
technique [2]. The intrinsic designed energy resolution
was 2.8 eV. When the SQUID amplifier noise was 18
pA/

√
Hz, the total energy resolution was 3.7 eV. The

sample and shunt resistance were installed at the 20mK
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Fig. 1. Photograph of TES

Table 1

TES parameters

stage in a dilution refrigerator and the SQUID ampli-
fier was mounted on the 1.5 K stage. A DC voltage
supply was used for the source of bias current.

3. Results and discussion

Figure 2 shows the energy spectrum for 55Fe x-rays.
The energy resolution was 11.4 eV for Mn Kα1 x-ray
at 5.9 keV. The base line width that reflects the to-
tal noise level and the signal to noise ratio was 6.8 eV.
The pulse decay time was 219 µs, yielding the count
rate 760 cps. The difference between the energy resolu-
tion and base line width was caused by the scattering
of thermalization in the TES. The difference between
the base line width and designed energy resolution had
two possible causes: the degradation of sensitivity α
and excess noise. The degradation problem would be
overcome by adopting the bank structure [3].

To investigate the cause of excess noise, we studied
the dependence of noise current on TES parameters
(shunt resistance, TES current, TES resistance). The
noise current was measured at the 4 kHz where phonon
noise was negligible. Figure 3 shows the noise current
versus TES resistance curves for two TES normal resis-
tance (89 mΩ and 126 mΩ). The noise current is in pro-
portion to the inverse of TES resistance with decreas-
ing the TES resistance from the normal resistance. The
noise current did not depend on the shunt resistance
and TES current. If the cause of excess noise is the DC

Fig. 2. Energy spectrum for 55Fe x-rays. The energy resolution

is 11.4 eV for Mn Kα x-ray at 5.9 keV

Fig. 3. The noise current vs. TES resistance curves of (a)

normal resistance 89 mΩ (solid line) and (b) 126 mΩ (dashed

line)

voltage supply, the excess noise would depend on the
shunt resistance. Therefore the source of excess noise
is not the DC voltage supply but might be exist in the
TES. Based on these results, the source of excess noise
might be voltage fluctuation that depend on the TES
normal resistance and might be in the TES.

4. Conclusion

We fabricated the TES to achieve energy resolution
under 10 eV for industrial application. The energy res-
olution was 11.4 eV and the count rate 760 cps. The
energy resolution was caused by the existence of excess
noise, which only depended on the TES resistance.
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