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Abstract 

We are developing high energy resolution X-ray microcalorimeters based on iridium and gold (Ir/Au) phase 
transition thermometers. Here we analyze the signal behavior of a 200 x 200 � m2 Ir/Au transition edge sensor 
(TES) with iridium and gold having the thicknesses of 100 and 25 nm, respectively. The energy resolution of 
this device was 15.4 eV full width at half maximum (FWHM) at 5.9 keV X-ray energy. For operation at bias 
resistances lower than 140 m� , we observed two distinct decay components, a slow component followed by a 
very fast component, which is thought to be due to the variation of current distribution inside the TES. 
However, taking into consideration the nonlinearity associated with the slow component, a very fast signal 
response makes the operation of this device promising at low-resistance bias points. 
 
Introduction 
 

In recent years, X-ray microcalorimeters 
based on transition edge sensors (TES) have 
emerged as powerful, energy resolving 
detectors in scientific and commercial 
instruments. The TES is usually a thin film 
resistor made of a superconducting material 
that measures deposited energy on the basis of 
the increase in resistance within the 
superconducting-to-normal transition. 

In our laboratory, we have been developing 
iridium (Ir)-based superconducting transition 
edge sensors with the aim of realizing ~2 eV 
energy resolution at 5.9 keV. Iridium is very 
promising as a superconducting material in a 
TES because of its sharp transition and its 
chemical stability for long-term stable 
operation. However, due to the low thermal 
conductivity of Ir, the energy resolution is 
degraded, since the signal response of large-
area Ir-based TES significantly depends on the 
X-ray incidence position.1,2) 

The use of bilayers of a superconducting 
material and a normal metal is a practical 
choice for improving thermal conductivity, 
because it enables the use of high-thermal 
conducting normal metals such as Cu, Ag or 

Au.3) By choosing an appropriate normal metal, 
TES should have high thermal conductance so 
that heat diffuses rapidly throughout the sensor. 
Therefore now we are developing Ir/Au bilayer 
TESs. In this article, we describe the signal 
characteristics of an Ir/Au bilayer TES. 

This bilayer TES shows two distinct decay 
components, a slow component followed by a 
fast component at bias resistances lower than 
140 m� . This is attributed to the variation of 
current distribution inside the TES. The 
mixture of slow and fast components makes the 
device response quite complicated. However, 
there is the benefit of a fast signal response at 
low-resistance bias points. 
 
Materials and methods 

 
This device has an area of 200 x 200 � m2 

and the thicknesses of Ir and Au are 100 and 25 
nm, respectively. Figure 1 shows the top view 
and cross section of the device. 
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Figure 1. (a) Top view and (b) cross section of 
Ir/Au TES device. 
 

This device was mounted on the 50mK 
cold stage of a 3He/4He dilution refrigerator 
and a constant voltage bias was applied to the 
TES through a shunt resistor. This enables us to 
operate the device in its strong electrothermal 
feed back regime.4) Current signals were 
measured with a 200 series arrayed 
superconducting quantum interference device 
(SQUID). The resulting transition temperature 
Tc and the normal resistance Rn were 110 mK 
and 0.35 �  respectively. 

Signal properties were measured using a 
55Fe source. This device has an energy 
resolution of 15.4 eV full width at half 
maximum (FWHM) at 5.9 keV X-ray energy 
and a baseline noise of 7.2 eV. To understand 
the signal behavior of this device, we 
investigated average current pulses at several 
bias points and the results for three bias points 
are shown in Figs. 2(a)–2(c). Although signals 
decay with a single time constant at higher bias 
points, two distinct decay components, a slow 
component followed by a fast component could 
be distinguished at the tail of the signal at a 
TES resistance, R, of lower than the 140 m� . 

(a) 

 
(b)  

 
(c)  
 

 
 
Figure 2. Average current pulse at (a) point A, 
(b) point B, and   (c) point C (bias points are 
indicated in Fig. 3) 
 

Figure 3 shows the resistance change with 
temperature (RT curve), which was derived 
from the IV (Current-voltage) curve at a 
constant voltage bias. The RT curve was fitted 
using, the theoretical equation5) 
 

� eff = 240 � s 

Bias A: R=260 m�  

 Bias B: R=96 m�  

� eff = 80 � s 

�� eff = 400 � s 

 Bias C: R= 47m�  

� eff = 70 � s 

�� eff = 490 � s 
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Figure 3. Resistance vs. temperature curve 
derived from IV curve. 
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where Tc is the critical temperature and Tw is 
the transition width of superconducting 
transition. It is observed that the transition 
curve also does not agree with the theoretical 
curve at resistance lower than 140 m� .  

Discussion 
 
Figure 3 shows that the experimental 

transition curve deviates from the theoretical 
fitted curve at bias resistances lower than R = 
140 m� . In the electrothermal feed back 
regime, it is thought that these two components 
of the transition curve produce two decay 
components, a slow component followed by a 
fast component of the signal response if the 
device is biased at lower resistances. 

When the substrate temperature is much 
lower than the film temperature, the pulse 
recovery time constant due to the 
electrothermal feed back is given by4) 
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where C is the heat capacity of the device, G is 
the thermal conductance between the device 
and heat sink, and n is the parameter that 
depends on the dominant thermal impedance 
between the TES and heat sink. Referring to 
Fig. 3, � , the measure of the sharpness of 
superconducting transition is given by6) 
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Figure 4. Resistance vs. temperature curve measured by four-wired resistance method 
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where dR/dT is the gradient of the transition 
edge. Sharpness of the superconducting 
transition �  effectively increases when 
resistance decreases. As shown in Fig. 3, �  is 
30 at around bias point A and increases up to 
190 at around bias point C. Therefore, the 
effective time constant is attributed to the upper 
part of the transition curve, which is higher 
than that at the lower part of the transition 
curve. That is by operating the device at low-
resistance bias points, we can effectively 
decrease the pulse recovery time constant by 
improving the device response significantly. As 
shown in Figs. 2(a) and 2(b), as bias resistance 
decreases from 260 to 96 m� , the effective 
time constant decreases accordingly from 240 
to 80 � s. Although the resulting slow 
component at low-resistance bias points elicits 
a nonlinearity of the device response, taking 
into consideration the very fast signal response, 
it is insignificant and can be overcome easily 
using modern digital measuring electronics. 

To investigate the origins of these two 
decay components at the tail of a signal pulse, 
we measured the RT curves by the four-wired 
resistance method at different bias currents. 
Figure 4 shows the RT curves for different 
excitation currents. Figure 5 shows the 
variation of � , which is calculated from the RT 
curves. 

From Fig. 5 it is clear that when I > 20 � A, 
� =dlogR/dlogT decreases as excitation current 
increases, or it obeys the Ginzburg–Landau 
(GL) theory well. However, when I < 20 � A, �   
increases with excitation current or it does not 
obey the GL theory. We observed this 
phenomenon also in a 10-pixel asymmetrical 
Ir/Au TES. It is thought that the transition 
curve at a small current is dominated by the 
current distribution inside the TES. The small �   
at a small excitation current is probably due to 
the increase in current density around the edges 
of the TES.7) One of the reasons why current 
tends to flow around the edges of a TES can be 
the over-etching of gold layers at the edges 
when the TES is patterned by a reactive ion 
etching method. Because of the proximity 

effect,8) the resulting Tc of the edges may be 
higher than the central part, therefore, the edges 
of the device are in superconducting transition 
first, while the central part is still in normal 
conduction, which results in the broadening of 
the transition curve.9) 
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Figure 5. Variation of �  with excitation current 
 

In the ETF mode, a voltage-biased TES 
device is operated with the absorber 
temperature set well below the transition 
temperature. Joule heating from voltage bias 
kept the device somewhere on its transition. 
Energy received by the device increased the 
temperature and hence resistance, decreasing 
current. Once the energy pulse was finished, 
the lowered joule heat allowed a fast decay to 
the original bias point. In this device at this 
signal decay, two decay components begin to 
appear when the device is biased at R < 
140m� . From Fig. 5, it is clear that at small 
excitation currents, �  is small. Therefore we 
deduce that, at small excitation currents, most 
of the current flows through the edge and 
because of the low � , the slow component of 
the signal appears. At this state, current flow at 
the center is almost constant, whereas current 
flow at the edge gradually increases with 
decreasing temperature and it enters the normal 
state when current exceeds the critical current. 
Then the central part enters the 
superconducting transition, and as result of 
high �  at high currents, central part decays with 
a fast decay constant. In this state, the edge 
region has already exceeded the critical 
current; therefore, current flow at the edge is 
almost constant, whereas current flow at the 
center is rapidly increases with decreasing 
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temperature. These are the origins of the two 
decay components having distinct decay 
constants at bias resistances lower than 140 
m� . 
 
Conclusions 
 

The signal characteristics of a bilayer Ir/Au 
TES were analyzed. By operating the TES 
device at low-resistance bias points, the pulse 
recovery time constant can be effectively 
decreased, resulting in a very fast response of 
the TES device. However, at bias resistances 
lower than 140 m� , two decay components 
were observed at the tail of the signal having 
distinct decay constants, a slow component 
followed by a fast component. By analyzing 
these components together with the transition 
curve (RT curve) of the device, these 
components are thought to arise from the 
variation of current distribution inside the TES. 
That is, at a small current, edge current 
dominates the central current flow. Although at 
bias resistances lower than 140 m� , the 
resulting slow component caused nonlinearity 
in the device response, it seems to be 
insignificant when considering the improved 
device response time. 
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