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For photon detection, superconducting transition-edge sensor (TES) micro-calorimeters are excellent energy-resolving
devices. In this study, we report our recent work in developing Ti-/Au-based TES. The Ti/Au TES devices were designed
and implemented with a thickness ratio of 1:1 and different suspended structures using micromachining technology. The
characteristics were evaluated and analyzed, including surface morphology, 3D deformation of suspended Ti/Au TES device
structure, I–V characteristics, and low-temperature superconductivity. The results showed that the surface of Ti/Au has good
homogeneity and the surface roughness of Ti/Au is significantly increased compared with the substrate. The structure of
Ti/Au bilayer film significantly affects the deformation of suspended devices, but the deformation does not affect the I–V
characteristics of the devices. For devices with the Ti/Au bilayer (150 µm× 150 µm) and beams (100 µm× 25 µm), the
transition temperature (Tc) is 253 mK with a width of 6 mK, and the value of the temperature sensitivity α is 95.1.

Keywords: transition-edge sensor, Ti/Au, superconductivity film, microfabrication, deformation of suspended
structure

PACS: 74.78.−w DOI: 10.1088/1674-1056/abff20

1. Introduction
The transition-edge sensor (TES) is a microcalorimeter

operating in correspondence of the superconducting-to-normal
transition region and weakly coupled to a cold bath. TES can
be adapted for detecting THz, IR, VIS, UV, x-ray, and γ ray
radiation by measuring the temperature variation after photon
absorption.[1] Over the past decade, the TES microcalorimeter
has become fundamental in applications such as high-energy
astrophysics, nuclear science and biophysics, astronomy, and
quantum information.[2–5]

Superconducting transition sensors are thermal detectors
relying on the steep resistive transition of a superconducting
material as a thermometer. Ti-based superconducting thin
films are principal semiconductor materials for TES because
of their low superconducting transition temperature and com-
patibility with micromachining. The superconducting transi-
tion temperature can be reduced by adding a layer of nor-
mal metal to it. Although single-layer Ti[6] and other Ti-
based bilayers, such as Ti/Pd,[7] Ti/TiN,[8] and Ti/Al,[9] have
been studied because of the excellent electrical conductiv-
ity, thermal conductivity, and chemical inertia of Au, Ti/Au
bilayers are the principal materials for TES research on Ti
substrates. Ti/Au bilayers are prepared by sputtering,[10–13]

electron beam evaporation,[14–17] and the combination of the
two processes.[18] The heat capacity of the substrate can be
reduced by placing superconducting films on the suspended

membranes of low-stress Si3N4. Moreover, different sus-
pended film processes have been developed. These pro-
cesses are predominantly based on (100) Si substrate dry deep
etching[7,13,19] or dry wet combination processes[20,21] to re-
move the Si substrate and obtain a suspended structure. More-
over, the wet etching of (110) silicon substrate is used to obtain
vertical sidewalls.[20] To reduce the thermal noise further, the
primary structure of the Ti/Au/Si3N4 suspension membrane is
supported using Si3N4 suspended beams. In 1999, Kiewiet[15]

proposed a new suspended structure, called spiderweb, with a
diameter of 1.4 mm and supported by 16 legs of 0.55 mm long,
5 µm wide, and 1 µm thick. The suspended beam was im-
proved from a wider double-end fixed support[11] to narrower
four corner beams, and its width was reduced to 5 µm[20] or
even < 1 µm.[21] Khosropanah[22] developed the ultimate spi-
ral folded structure to increase the length of beams. Although
low-stress Si3N4 is used as the support structure, the deforma-
tion of the suspended structure will be caused by stress mis-
match between the superconducting bilayer and metallic Pb,
and the suspended beam will aggravate the deformation,[19]

which will inevitably affect the mechanical stability, yield, and
reliability of the device. However, few observations and anal-
ysis of Ti/Au morphology and structure deformation exist.

In this study, Ti-/Au-based TES devices with different
suspended structures were designed, and the thickness ratio
was maintained at 1:1. Firstly, the structure realizability of
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TES devices with different size of cantilever beams was exper-
imentally explored. Secondly, the effects of different size of
cantilever beams and processing technology on the morphol-
ogy of suspended films were experimentally studied, which
laid the foundation for the reliability and consistency of de-
vices. Finally, the effects of structure and morphology on the
thermal response and low temperature characteristics of de-
vices were measured and studied, and then the effects on the
TES characteristics. In this paper, we focused on the mea-
surement and analysis of the processing technology and the
morphology and roughness of the suspended structure. In the
future, we will measure the thermal response and low tem-
perature characteristics of these structures and analyze their
effects on the TES characteristics. Direct current (DC) mag-
netron sputtering combined with dry wet etching was used
to fabricate the suspended Ti/Au TES structure. Scanning
electron microscopy (SEM), energy-dispersive spectroscopy
(EDS), and atomic force microscope AFM measured the com-
position and surface morphology of Ti/Au. The deformation
of different suspended structures was observed and analyzed
using a laser confocal microscope. Moreover, using a semi-
conductor parameter analyzer, the I–V characteristics of dif-
ferent TES devices were evaluated and compared under the
four-lead and two-lead resistance measurement methods. Fi-
nally, the low-temperature superconductivity of Ti/Au TES de-
vices was confirmed using a dilution refrigeration device.

2. Design and fabrication
The thermal insulation ability of Ti/Au bilayers can be

improved by selecting materials with lower thermal conductiv-
ity as weak thermal bonding. Compared with other common
microelectronic processing materials, Si3N4 has lower ther-
mal conductivity (2–155 W/(m·K)). Because the suspension
structure should have good mechanical properties, low stress
Si3N4 thin films with a thickness of 500 nm are selected as
weak thermal bonding materials. Figure 1 shows the struc-
ture of the Ti/Au TES device. Four cantilevers distributed at
four corners support the Si3N4 film suspended in the center.
The square Ti/Au bilayer on the suspended Si3N4 film is a
TES sensor. Four Si3N4 cantilever beams are covered with
Al as electrode leads. Ti/Au TES devices with different areas
are designed, including 75 µm× 75 µm, 150 µm× 150 µm,
200 µm× 200 µm, and 300 µm× 300 µm. Their support-
ing beams are 100 µm long and 25 µm wide. Furthermore,
Si3N4 beams with different widths and lengths are designed to
analyze the influence of beam geometry on deformation and
resistance. When the beam width is fixed at 25 µm, the beam
length is 50, 100, 200, 400, and 600 µm; however, when the
beam length is fixed at 100 µm, the beam width is 10, 15,
25, 30, and 40 µm. All TES sizes are compared with the sus-
pended and non-suspended structures, and the resistances are

measured using four-lead and two-lead arrangements to com-
pare the deformation and electrical characteristics.
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Fig. 1. Schematic of Ti/Au TES devices. Panel (a) shows the vertical profile
of the TES device. The Si substrate below is unetched, and the Ti/Au bilayer
is in a non-suspended state. Panel (b) shows the vertical profile of the TES
device with a suspended structure. Based on the non-suspended structure,
Si substrate under the Ti/Au bilayer is etched to form a suspended structure.
Panel (c) shows the top view of the TES device with a suspended structure.
The white part is a hollow structure. The Si3N4 film suspended in the center
is supported by four cantilevers distributed at four corners. The square Ti/Au
bilayer on the suspended Si3N4 film is a TES sensor. Four Si3N4 cantilever
beams are covered with Al as electrode leads.

Figure 2 schematically shows the principal processing
steps for TES fabrication. The TESs are manufactured on
four-inch diameter, 400-µm-thick 〈100〉, double-side polished
Si wafers. Firstly, stoichiometric silicon nitride layers with a
thickness of 500 nm are deposited on both sides of the silicon
wafer using low-pressure chemical vapor deposition (LPCVD)
(Fig. 2(a)). Secondly, the Si3N4 layer on the back is patterned
via reactive ion etching (RIE) (Fig. 2(b)). Thirdly, two lay-
ers of Ti and Au with the same thickness of 25 nm are con-
tinuously deposited in turn using DC magnetron sputtering
(Fig. 2(c)). By adjusting the appropriate deposition condi-
tions, the films with good surface roughness and low stress
can be obtained.[23,24] The thickness of the bilayer is care-
fully selected to achieve a suitable superconducting transition
temperature.[25] Fourthly, lithography and wet etching steps
are used to pattern the bilayer (Fig. 2(d)). Fifthly, a layer of
Al with a thickness of 300 nm is sputtered and patterned via
a lift-off process (Fig. 2(e)). Sixthly, the Si on the backside
is etched to a depth of 385 µm with KOH solution (Fig. 2(f)).
Finally, the remaining 15-µm-thick silicon is etched out using
anisotropic Si etch (ASE) to form a Si3N4 suspended mem-
brane (Fig. 2(g)).

Ti/Au TESs with different structures are successfully fab-
ricated as per the design. Figure 3(a) shows the front optical
image of the TES. The length and width of the beam are 50 µm
and 25 µm, respectively, and the Ti/Au area of the suspended
structure is 150 µm×150 µm. Figures 3(b) and 3(c) show sig-
nificant deformations in the TES, where the beams are slightly
concaved and the Ti/Au bilayer convexed mildly. Therefore,
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the deformations of devices with different structural param-
eters must be comprehensively characterized and analyzed.
Figure 3(d) shows the TES photo of the prepared 4×4 arrays.
All pixels are completely suspended and the structure is intact.
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Fig. 2. The principal processing steps for TES fabrication. (a) First, stoi-
chiometric silicon nitride layers with a thickness of 500 nm are deposited on
both sides of the silicon wafer using low-pressure chemical vapor deposition
(LPCVD). (b) Second, the Si3N4 layer on the back is patterned using reactive
ion etching (RIE). (c) Third, two layers of Ti and Au with the same thickness
of 25 nm are continuously deposited in turn using DC magnetron sputtering.
The thickness of the bilayer is carefully selected to achieve a suitable super-
conducting transition temperature. (d) Fourth, lithography and wet etching
steps are used to pattern the bilayer. (e) Fifth, a layer of Al with a thickness
of 300 nm is sputtered and patterned via a lift-off process. (f) Sixth, the Si on
the backside is etched to a depth of 385 µm using KOH solution. (g) Finally,
the remaining 15-µm-thick Si is etched out by anisotropic Si etch (ASE) to
form a Si3N4 suspended membrane.
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Fig. 3. Images of the TES. Panel (a) shows the front optical image of TES.
The length and width of the beam are 50 µm and 25 µm, respectively, and
the Ti/Au area of the suspended structure is 150 µm× 150 µm. Panels (b)
and (c) show significant deformations of the TES. The beams are slightly
concaved, and the Ti/Au bilayer mildly convexed. Panel (d) shows the TES
photo of the prepared 4×4 arrays. All the pixels are completely suspended,
and the structure is intact.

3. Results and discussion
3.1. Morphology and components of the Ti/Au bilayer

The surface topography and element compositions of the
grown Ti/Au bilayer are characterized by performing SEM and
EDS, and the results are presented in Figs. 4(a) and 4(b), re-
spectively. Grains on the surface have good homogeneity, and
their sizes are distributed between 15 nm and 86 nm. The EDS
spectrum in Fig. 4(b) shows that Ti and Au are the two domi-
nant elements, in addition to the wafer material silicon.

Figure 5 shows the cross-section morphology of the Ti/Au
bilayer obtained using SEM. The thickness of the Si3N4 layer
deposited by LPCVD is 539.5 nm, which is close to the desired
thickness of 500 nm. Moreover, the thickness of the Ti/Au bi-
layer is 41.6 nm, which is close to the desired thickness of
50 nm.

full scale counts: 3502 1#TiAu-normal(1)

3000

2000

1000

0
0 1 2 3 4 5 6 7 8 9 10

keV

C

N
Ti Ti

Ti

Si
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Au

(a)

(b)

Fig. 4. Analysis results of the Ti/Au bilayer obtained using SEM. Panel (a)
shows the surface morphology of the Ti/Au bilayer. Grains on the surface
have good homogeneity, and their sizes distribute between 15 nm and 86 nm.
Panel (b) shows the EDS spectra of the Ti/Au bilayer. Ti and Au are the two
dominant elements, in addition to the wafer material silicon.

539.5 nm

41.6 nm

Fig. 5. Cross-section morphology of the Ti/Au bilayer obtained using SEM.

The surface morphology of TES is characterized using the
Olympus LEXT OLS 4500 scanning probe microscope (SPM)
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in various stages of TES preparation. Firstly, the Si substrate
and low-stress stoichiometric Si nitride surfaces deposited by
LPCVD are measured and observed. Figure 6(a) shows that
the surface roughness of the Si substrate is 0.151 nm, indicat-
ing that the average height fluctuation of the double polished Si
wafer surface is of the order of 1 Å. Figure 6(b) shows that the
surface roughness of low-stress Si3N4 is 0.934 nm. Compared
with the Si substrate, the increase in roughness is < 1 nm,
which can be ignored compared with the thickness of 500 nm
of Si3N4. The surface roughness of Ti/Au films prepared by
sputtering is 1.601 nm, which increases further compared with
that before growth. Both the silicon nitride growth process and
the Ti/Au film-sputtering process can significantly increase the
surface roughness. However, compared with the film thickness
of 50 nm, the surface roughness of 1.601 nm is acceptable.

noise

3.32 nm 10 mm 10 mm

10 mm 5 mm

5 mm

10 mm

(a) (b) (c)

Fig. 6. The surface topography by Olympus LEXT OLS 4500 scanning probe
microscope (SPM). Panel (a) shows the surface topography of the double-
sided polished silicon wafer. Panel (b) shows the surface topography of the
non-suspended Ti/Au bilayer.

3.2. Morphology and components of the Ti/Au bilayer

Laser confocal microscopy (LCM) is used to observe the
3D morphology of TES with suspended structure, and the
height difference between the culmination of the suspended
film and the wafer reference plane is measured. Figure 7

shows the structure pattern of TES. The direction O→ B is
vertical to the metal electrode, and the direction O→ A is par-
allel to the metal electrode. As all Ti/Au bilayers mildly arch,
the center of the bilayer is the culmination, and the edge of
the bilayer is the bottom. The altitude differences between the
culmination and bottom with the reference plane referring to
the wafer are measured both vertically and horizontally, re-
spectively. Figure 7 shows that the altitude difference between
the points O and A and the points O and B refers to the al-
titude difference of the culmination with the reference plane
horizontally and vertically, respectively. Similarly, the altitude
difference between the points C and D, and the points E and
F refers to the altitude difference of the bottom with the refer-
ence plane horizontally and vertically, respectively.

vertical

directionB

C

A

D

O

E

F mm

horizonal

direction

Fig. 7. The microscopy photo and height measurement diagram of Ti/Au
TES.

Table 1. Influence of the Ti/Au bilayer and Al electrode on the deformations of TES.

Different combination
Horizontal direction Vertical direction

OA (µm) CD (µm) OC (µm) OB (µm) EF (µm) OE (µm)

Si3N4 membrane 0.636 −0.659 1.295 0.802 0.288 0.514
Ti/Au & Si3N4 1.523 0.56 0.963 1.642 −0.989 2.631

Al electrode & Si3N4 0.375 −0.662 1.037 0.321 −0.589 0.91
Ti/Au TES 1.031 −0.836 1.867 1.158 −0.208 1.366

Note: Positive and negative signs represent that the relative altitude is upon and below the reference plane, respectively.

The Ti/Au bilayer and Al electrode on the deformations of
TES are evaluated by measuring the deformation of four sus-
pended structures, including Si3N4, Ti/Au/Si3N4, Al/Si3N4,
and Ti/Au/Si3N4 with an Al electrode. Table 1 shows the
results of deformations. Slight deformations occur in every
direction on the Si3N4 membrane with a suspended structure
because of the stress of materials. The deformation effect of
the Ti/Au bilayer is greater than that of the Al electrode. Verti-
cally, the altitude differences between the point O and the point
E on the suspended Si3N4 film-deposited Ti/Au bilayer and Al
electrode are 2.631 µm and 0.91 µm, respectively. However,
the altitude difference vertically becomes 1.366 µm after both
the Ti/Au bilayer and the Al electrode have been deposited in
turn. The reason for this phenomenon is that the action direc-

tions of Al and Ti/Au bilayers on Si3N4 vertically is opposite
such that the deformation of the TES film vertically becomes
smaller. Similarly, horizontally, the depositions of the Ti/Au
bilayer and Al electrode on the suspended Si3N4 film present
the altitude difference of 0.963 µm and 1.037 µm, respec-
tively, and the result becomes 1.867 µm when both the Ti/Au
bilayer and Al electrode have been deposited. The reason for
the larger deformation of TES horizontally could be that the
stress action direction of the Ti/Au bilayer and Al electrode
on Si3N4 is the same such that they overlap, increasing the
deformation of TES horizontally.

Next, the influence of the cantilever beam size on the de-
formation of suspended TES is analyzed. Firstly, the lengths
of the cantilever beams are changed with the width of the
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beams and the size of the suspended membrane are fixed at
25 µm and 150 µm×150 µm, respectively. Table 2 shows the
results of the deformations of the TES using different beam
lengths. Vertically and horizontally, with the increase in beam
length, the change rule of height difference between the high-
est and lowest points of the membrane is not obvious. How-
ever, the shorter the beam length is, the smaller the device de-
formation is.

Table 2. Influence to the deformations of TES with different beam length.

Length Horizontal direction Vertical direction

(µm) OA (µm) CD (µm) OC (µm) OB (µm) EF (µm) OE (µm)

50 0.592 −0.241 0.833 0.695 −0.345 1.04
100 1.031 −0.836 1.867 1.158 −0.208 1.366
200 1.628 −0.249 1.877 1.294 −0.287 1.581
400 1.446 −0.307 1.753 2.089 0.39 1.699
600 2.224 1.727 0.497 1.996 0.544 1.452

Similarly, Table 3 shows the influence of cantilever beams
with different widths on the deformation of the suspended
TES. The widths of the beams and size of the suspended mem-
brane are fixed at 100 µm and 150 µm×150 µm, respectively.
Table 3 shows that the height differences between the vertex
point O and the edge points of the membrane decrease with
the increase in beamwidth. Table 3 shows the same trend that
the height differences between OA and OB decrease with the
increase in beamwidth. Hence, the wider the width of the can-
tilever beam is, the smoother the TES is and the lower the
stress is.

Table 3. Influence on the deformations of the TES with different beam
widths.

Width Horizontal direction Vertical direction

(µm) OA (µm) CD (µm) OC (µm) OB (µm) EF (µm) OE (µm)

10 1.301 −0.18 1.481 1.146 −0.265 1.411
15 0.605 −0.909 1.514 0.9 −0.777 1.677
25 1.031 −0.836 1.867 1.158 −0.208 1.366
30 0.783 −0.341 1.124 0.998 −0.16 1.158
40 0.442 −0.52 0.962 0.383 −0.511 0.894

Table 4. Influence on the deformations of the TES with different dimensions
of the Ti/Au bilayer.

Dimension Horizontal direction Vertical direction

(µm×µm) OA (µm) CD (µm) OC (µm) OB (µm) EF (µm) OE (µm)

75×75 0.467 −0.233 0.700 0.379 −0.073 0.452
100×100 0.834 −0.155 0.989 0.882 0.122 0.760
150×150 1.031 −0.836 1.867 1.158 −0.208 1.366
200×200 0.983 −0.589 1.572 1.111 −0.501 1.612
300×300 2.06 −1.949 4.009 2.057 −0.894 2.951

Furthermore, the deformation of TES in different areas of
the Ti/Au bilayer is analyzed when the length and width of the
cantilever beam are fixed at 100 µm and 25 µm, respectively.

Table 4 shows that with the increase in the film area, the
height differences between the vertex point O and the other

edge points increases. Because the increase in the film area
might enlarge the deformation of TES to some extent, the
height difference is converted into the radius of curvature for
comparison (Table 5). Table 5 shows that the larger the area
of the Ti/Au bilayer is, the larger the curvature radius of the
suspended film is. Therefore, the relative deformation of the
TES is lesser with the area increase in the Ti/Au bilayer.

Table 5. Values of the radius of curvature under different dimensions of the
Ti/Au bilayer.

Dimension Radius of curvature Radius of curvature
(µm×µm) in vertical direction (µm) in horizontal direction (µm)

75×75 6222.571 4018.207
100×100 6579.327 5056.106
150×150 8236.408 6026.643
200×200 12407.75 12723.43
300×300 15250.54 11226.75

3.3. Measurement and analysis of electrical characteristics

The electrical characteristics of TES are characterized by
conducting four-lead[26] and two-lead electrical transport mea-
surements. The resistance test instrument is an HP 4156b
semiconductor parameter analyzer combined with an MM
probe station. The current scanning range is −1 mA to
+1 mA, and the scanning step is 10 µA. The resistance ob-
tained from the four-lead arrangement denotes the resistance
RTES of the TES. The resistance R2−lead obtained from the two-
lead arrangement is the sum of the contact resistance Rcont, the
lead resistance Rlead, and the RTES.

The effect of the suspended structure on the electrical
properties of TES is evaluated by measuring the resistances
of the Ti/Au bilayer for suspended and non-suspended, respec-
tively. The size of the suspended film is fixed at 150×150 µm.
The lengths of the beam with the same width of 25 µm are 50,
400, and 600 µm, respectively. Figure 8 and Table 6 show
the I–V curves of the TES obtained using the four-lead and
two-lead arrangements, respectively.

Table 6 shows that the resistances measured using the
four-lead arrangement are similar in the case of the suspended
and non-suspended structures. Although significant TES de-
formations with suspended structure are observed, the results
show that the suspended structure has less influence on the re-
sistance RTES of TES. The difference in the resistances R2−lead

measured using the two-lead arrangement is small, indicating
that suspended or not has little influence on the resistances of
lead and contact. Furthermore, the sum of the contact resis-
tances Rcont and lead resistances Rlead can be calculated using
RTES and R2−lead (Table 6). RTES and R2−lead vary with the size
of the beam and suspended film. With increase in cantilever
beam length, the resistance R2−lead correspondingly increases.
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Fig. 8. The I–V curves of the TES. Panel (a) shows the results from the four-
lead arrangement. Panel (b) shows the results from the two-lead arrangement.

3.4. Superconductivity measurement

Figure 9 shows the inside of the Leiden MNK-126-450 di-
lution refrigeration (DR). It provides a low-temperature envi-
ronment for testing superconductivity. The resistance is mea-
sured using the AVS-47B AC electric bridge. The sizes of the
Ti/Au bilayer and the Si3N4 beam are 150 µm× 150 µm and

100 µm×25 µm, respectively.
The transition temperature of superconductivity is related

to the Fermi surface topology.[27] Figure 10(a) shows the re-
sults of the resistance–temperature curve of the suspended
TES. Figure 10(b) shows that the transition temperature is
253 mK, which is close to that reported in Ref. [1]. The normal
resistance Rnormal of the Ti/Au bilayer is 1.12 Ω, and 10% and
90% of Rnormal are selected as the lower and upper limits of the
superconducting transition width, respectively. Accordingly,
the temperature transition region is [249 mK, 255 mK], and the
transition width is 6 mK. The sensitivity, α , for a detector can
be described as α = d(lnR)/d(lnT ).[28] Figure 10(b) shows
that the linearity of d(lnR) and d(lnT ) is good. The rela-
tionship between the resistance and temperature in the normal
logarithm form can be expressed as lnR = 95.1× lnT −527.2.
Thus, the temperature sensitivity α is 95.1.

Fig. 9. Image of the Leiden MNK-126-450 DR.
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Fig. 10. The superconductivity of the Ti/Au bilayer. The sizes of the Ti/Au bilayer and Si3N4 beam are 150 µm× 150 µm and 100 µm× 25 µm,
respectively. Panel (a) shows the curve of R–T . The superconducting transition temperature is 253 mK. The normal resistance Rnormal of the Ti/Au
bilayer is 1.12 Ω. Panel (b) shows the details of the superconducting transition process. The transition width is 6 mK.
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Table 6. The resistance of TES with different structures of TES.

Different Length of 50 µm Length of 400 µm Length of 600 µm

structures RTES R2−lead Rcont +Rlead RTES R2−lead Rcont +Rlead RTES R2−lead Rcont +Rlead

Suspended (Ω) 1.39 6.62 5.23 1.47 13.63 12.16 1.55 16.00 14.45
Non-suspended (Ω) 1.49 6.14 4.65 1.50 12.98 11.48 1.55 15.76 14.21

4. Conclusion
In this study, Ti/Au TES devices with different suspended

structures were designed and fabricated using micromachin-
ing. The properties of TES were measured and compared,
including surface morphology, the 3D deformation of the sus-
pended structure, I–V characteristics, and low-temperature su-
perconductivity. Compared with the surface of the Si sub-
strate, the surface roughness of low-stress Si3N4 and Ti/Au
bilayers was significantly increased; however, they were still
within an acceptable range, and the quality of the bilayer was
good. The TES device with a suspended low-stress Si3N4 film
had a slight deformation. The sputtering Al electrode had a
limited effect on the deformation of the TES device. The de-
formation of the TES device was predominantly attributed to
the Ti/Au bilayer. The shorter the beam length was, the smaller
the device deformation was, and the wider the support beam
was, the smoother the suspended film was. As the area of the
suspended Si3N4 film increased, the curvature radius increased
and the deformation decreased. The resistance of TES devices
with different structures was ∼ 1.68 Ω whether suspended or
not. With increase in beam length or decrease in beamwidth,
the resistance of the TES device increased. The superconduct-
ing critical transition temperature was 253 mK, with a width
of ∼ 6 mK and the value of the temperature sensitivity α was
95.1. In the future, the thermal response and low temperature
characteristics of these structures will be measured, and the
effects of morphology and stress on the characteristics of TES
devices will be discussed in detail.
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