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Abstract

During the characterization of the demonstration model of the Cryogenic AntiCo-
incidence (CryoAC) Detector (ACS-10), a current-dependent parasitic resistance
was found in series with the TES network on board the detector. Analysis was pos-
sible because the resistance rises for currents above 11 uA, and is therefore not
observed at low bias excitation. A comparison of measurements of the TES across
its Nb wiring at different temperatures suggested that the source of resistance was
in the wiring and not in the TES network. After several analysis of the wiring fab-
rication steps, FIB-FE-SEM studies of film sections and tests of niobium film qual-
ity, we understood that the parasitic resistance was due to point contact in the Nb
step coverage caused by film cracks. The fracture was due to the wall steepness and
thickness of the films, since rapid step coverage is less mechanically stable and the
stress on the films is proportional to the fourth power of the thickness. Therefore, all
thicknesses in the wiring were reduced to the minimum optimum step coverage val-
ues and the first negative lithography parameters were optimized to reduce the wall
film angle. The samples after this optimization showed no current-dependent series
resistance to TES.
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1 Introduction

During the development of the Cryogenic AntiCoincidence (CryoAC) detector [1]
for the Athena X-IFU [2], we developed a fully functional detector (ACS-10) [3] to
demonstrate the operation of the CryoAC. For this purpose, the detector was inte-
grated at SRON to work together with the NASA TES array [4] with good results
[5], demonstrating the anticoincidence capabilities. However, the characterization of
ACS-10 [6] revealed a current-dependent parasitic resistance Rp in series with the
TES network. See Fig. 1. Therefore, the behaviour of the detector was investigated
to understand the nature of the parasitic resistance and then solved to produce new
detectors without the issue. The parasitic resistance increases the power dissipated at
cold and reduces the performance of the detector. Key aspects in the reformulation
of the mission towards the development of the CryoAC for the NewAthena X-IFU.

2 Investigations and Resolution

Looking at the ACS-10 IV curves at different temperatures [6] was clear that the
resistance was on the absorber of the detector as changing the temperature of the
cryostat or using the heaters on board the detector produced the same IV character-
istics. Then the possible sources for the parasitic resistance could have been inside
the Ir/Au TES film properties or in the Nb striplines. Taking section images of the
Nb wiring using focused ion beam (FIB) etchings and field-effect SEM (FE-SEM)
microscope, we were able to spot breakages in the upper Nb stripline correspond-
ing to step coverage. See Fig. 2 (left). Our wiring is made by two Nb striplines one
above the other separated with a SiO, layer. Structures are obtained through lift-off,
depositing one layer after the previous structure is concluded [3].

The point contact inside niobium led to a resistance in series to the TES net-
work that is superconductive for currents lower than 11 yA. The J, calculated
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Fig. 1 Left) Transition curve of the ACS-10 TES array. Measurement have been taken with a 1 uA bias
current and in 4-probe configuration. - Right) TES circuit resistance versus bias current. It is clear as
with a small current in the circuit ~ 11 A a parasitic resistance of ~ 15 mQ rises since the transition of
TESs that have then a 46 mOhm apparent resistance
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Fig.2 Section FE-SEM image acquired through a FIB etching of Nb step coverage in a ACS-10 same
batch detector wiring. A breakage in SiO, and upper Nb is clearly visible, leading to point contact and
low critical current in Nb wiring

respect to the wiring geometry was of 0.7 ﬁ, while at 100 mK the J,. of ACS-10

TES is 4.2 % and the one of our niobium films is higher than 3.9 x 10° ci at 4.2

m?2
K.

Due to this issue, we explored the possibility of a parallel Nb wiring detector
with less TES [7, 8]. However, after several analysis of the wiring production steps,
investigations and tests we understood that the film breakage was due to the film
wall steepness and thickness as a rapid step coverage is less mechanically stable. We
tested the mechanical properties of our Nb films’ varying thickness and deposition
parameters. Thermal cycles of those samples did not reveal any substantial stress
in the film itself. Thus, we concentrated on reducing the wall film angle to promote
subsequent film grows [9]. The first negative lithography parameters have been
tuned, finding an optimal value in a 3 ym under-etching on the resist film, with over-
develop process, to deposit Nb under the resist. At this point, to promote the isotropy
of Nb deposition parameters have been tuned reducing Ar sputtering pressure and
increasing RF power. However, this did not solved completely the issue as some
voids in the oxide layer and in the upper Nb strip were still present. Then, we studied
the relations between each film layer finding a criticity in thermal relaxations of the
SiO, film respect to the Nb ones and in the oxide layer rigidity. In the end, all wiring
layer thicknesses were reduced to the minimum optimal step coverage values with
each layer 1.5 times thicker than the underneath one to minimize the thermal relaxa-
tion mismatch and the SiO, rigidity [9, 10]. In Fig. 3 (right) is shown the new wiring
profile without breakage in films.

Thereafter, several samples have been produced and measured. In Fig. 4, a com-
parison between the TES current and tension of ACS-10 with one of the DM#70
produced with the new wiring procedure is presented. These measurements as well
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Fig.3 Section FE-SEM image acquired through a FIB etching of Nb step coverage in new wiring fabri-
cation procedure batch. Films are smoother and the step coverage is done without any breakage
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Fig.4 Left) IV comparison between ACS-10 and sample #70 produced with the new wiring procedure.
In the sample #70 is evident the absence of the slope before the TES transition corresponding to the para-
sitic resistance. - Right) Resistance versus bias current in the sample #70. Until the bias current reaches
the TES array critical current value ~ 1 mA, the values measured are compatible with 0

all the tests carried out with new wiring procedure samples highlighted the absence
of the current-dependent parasitic resistance.

3 Conclusion
The current-dependent parasitic resistance that affected the Demonstration Model
of the CryoAC ACS-10 was found to reside in the Nb wirings. A complete under-

standing of the generation phenomena was possible leading to the production of
detectors without issue and with resistances in superconducting state < 30 mQ up
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Table 1 Resistance values in

TES circuit due to TES normal Contributions to TES circuit T}jpical valhu?s Typical values
" with old wiring with new
resistance, old and new Nb ..
L. wiring

wirings
TES normal state resistance ~30 mQ ~30 mQ
Residual resistance < 0.03 mQ < 0.03 mQ
Current-dependent resistance ~ ~ 15 mQ < 0.03 mQ

to 1 mA bias currents. See Fig. 4 and Table 1. This is a good point in the develop-
ment of the CryoAC of the NewAthena X-IFU as the parasitic resistance would
have implied a higher power dissipation, while power loads are a critical point in
the mission requirements.
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