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Abstract 

We have been developing terahertz (THz) wave detectors using 
superconducting tunnel junctions (STJs). The STJs consist of the Nb/Al/AlOx/Al/Nb 
structure. We fabricated THz-wave detectors on LiNbO3 substrates, that have a high 
absorption coefficient for the frequency range of 1012 Hz. Two kinds of signals were 
detected when the THz-wave was irradiated from the substrate side. One was an 
indirect signal related to the generation of phonons. The other was a signal that 
corresponds to directly generated quasi-particles in the Nb electrode of the STJ. The 
pulse height of the indirect signal was larger than that of the latter signal. To enlarge 
the detector area, we designed a STJ that has different areas of the base electrode and 
top electrode. In this paper, the characteristics of the THz-wave detector area will be 
discussed. 
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1. Introduction 
Detector performances are linked to the 

experimental precision of various fields such as 
engineering and science. Superconducting tunnel 
junctions (STJs) are promising candidates for next 
generation photon detectors, because the STJ has 
many favorable features, such as high-energy 
resolution, wide operating region and high counting 
rate [1-3]. For example, a theoretical energy 
resolution is estimated to be a few eV for photons of 
6 keV. 

In recent years, terahertz (THz) 
electromagnetic waves have become attractive for 
use in various research fields because this range of 
wavelength has photonic and electronic features 
[4-6]. In particular, the THz-wave are suitable for 
imaging applications. The progress of THz-wave 
studies corresponds with the development of 
THz-wave generator. On the other hand, the 
development of THz-wave detectors has not 
advanced compared with the development of 
THz-wave generator. We have proposed and 
demonstrated a new THz detector using the STJ [7, 
8]. The STJ utilizes a LiNbO3 substrate as a 
THz-wave absorber. The THz-wave are irradiated 
from the substrate side, and generate THz phonons in 
the substrate. Then, the propagated phonons reach 
the base electrode of the STJ, and break Cooper pairs 
in the electrode. In this method, the STJ can be 
operated above the subgap of the Nb superconductor 
(0.7 THz). This STJ detector detected waves of 1-2 
THz. 

To enlarge the detector area, we 
designed a STJ that has different areas of the base 
and top electrodes. In this paper, we report and 
discuss the detected signal of the THz-wave using 
the STJ with differing electrode areas. 
 
 
2. STJ for THz wave detector 
 A typical STJ photon detector consists 
of a Nb/Al/AlOx/Al/Nb structure on a substrate. Fig. 
1 shows a schematic cross section of the STJ. When 
the photon is irradiated into the electrode of the STJ 
from the STJ side, the photons, which have energy 
greater than 2Δ, generate a great number of 
quasi-particles and phonons. The Δ is the energy gap 
in the superconductor. In Nb, since Δ is 1.5 meV, the 
lower limit of the operating frequency of STJ is 0.7 
THz. Our proposed STJ is fabricated on a LiNbO3 
substrate, which is a THz-wave absorber. In addition, 
the THz-wave are illuminated from the substrate side. 
Therefore, the detector is sensitive to any type of 
radiation or energy input above the energy gap if the 
energy is supplied the substrate. Here, LiNbO3 has a 
high absorption efficiency for waves in the THz 
region. 
 The multilayer of Nb/Al/AlOx/Al/Nb is 
deposited on a LiNbO3 substrate by dc-magnetron 
sputtering. The oxidization condition of the 
tunneling barrier was at 1330 Pa for 1 hour. Under 
this condition, the critical current density Jc was 
estimated to be 150 A/cm2. The structure of the STJ 
was patterned by photolithography and reactive ion 

etching (RIE). The contact hole of 5 μm × 5 μm was 
formed after the deposition of SiO2 insulator. Finally, 
the Nb wire of 10 μm width was deposited and 
formed by the RIE. Table 1 shows the film thickness 
of the fabricated STJ. 

 To achieve a high efficiency of 
THz-wave detection, it is essential for the base 
electrode of the STJ to cover a wide area. On the 
other hand, the greater the area, the capacitance of 
the STJ becomes greater. Then, the pulse height is 
low. Therefore, the optimization of the areas of both 
top and bottom electrodes of the STJ is required. To 
enlarge the detector area, we designed STJs that have 
different areas of the base and top electrodes. Type A 
refers to STJ that consists of top electrode with a 

fixed area of 50 μm × 50 μm and a base electrode of 
various areas (70 μm × 70 μm, 100 μm × 100 μm, 
200 μm × 200 μm, 400 μm × 400 μm, 800 μm × 800 
μm). Type B refers to STJs that consist of the fixed 
base electrode area of 70 μm × 70 μm and different 
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area of top electrode (25 μm × 25 μm, 50 μm × 50 
μm). All these STJs were diamond shaped. Fig. 2 
shows a micrograph of the fabricated STJs in part of 
a chip of 5 mm × 5 mm. In this figure, the STJs 
designated by solid lines are type A, and the STJs 
designated by dashed lines are type B. The name of 
each STJ indicates the areas of the top and bottom 
electrodes. For example, the STJ with the top 
electrode of 50 μm × 50 μm and the base electrode 
of 70 μm × 70 μm was named 50 / 70. 
 
3. Characteristics of fabricated STJ 

To check the quality of fabricated the 
STJ, the current-voltage characteristics were 
measured at temperatures of 0.4 K, 1.6 K, and 4.2 K. 
Fig. 3 shows the temperature dependence of the 
subgap current at 500 μV. The vertical axis indicates 
the subgap current normalized by that measured at 

4.2 K. The solid line shows the calculation based on 
BCS theory. The circles show the measured values 
for the STJ. From this figure, we confirmed that the 
normalized current at 1.6 K was close to the values 
expected on the basis of the BCS theory. At 0.4 K, 
however, excess current in the BCS prediction was 
observed. This is mainly due to the additional 
leakage current through or at the edge of the tunnel 
barrier. We previously succeeded in fabricating 
similar junctions with lower normalized current 
(around 10-5), but we must improve the 
reproducibility of our fabrication process. In this 
study, however, our aim is to test the STJs with 
different areas of the base and top electrodes in order 
to enlarge the detection area of THz radiation, and to 
use the fabricated junctions can be used to obtain the 
required data for optimizing the detector design. 
 
4. THz-wave detection experiment 
 To investigate the most suitable area of 
the STJ to be used as a THz-wave detector, we 
designed STJs with different areas of the base and 
top electrodes. For the THz-wave detection 
experiment, the fabricated STJs on LiNbO3 substrate 
absorbers were placed on a Si hyperhemispherical 
lens in a 3He cryostat. The STJs were refrigerated to 
0.4 K. To suppress dc Josephson current, a 

superconducting coil was used to apply a magnetic 
field of about 5 mT. When the THz-wave was 
illuminated on to the STJ, the excess current was fed 
to a preamplifier at room temperature. The 
waveforms of detected signals were monitored on an 
oscilloscope. THz pulses with a reputation frequency 
of 49 Hz were generated using a terahertz parametric 

scillator (TP

ts do not depend on 
 area of b

o O) [9, 10]. 
 First, we investigated whether the pulse 
height depends on the area of the base electrode. We 
compared the pulse heights using type A STJs, as 
shown in Fig. 4. The horizontal axis indicates the 
area of base electrodes. The frequency of the input 
THz pulse was 1.4 THz. Each pulse height in this 
figure is the average of 300 observed pulse height 
data. In this figure, the pulse height is seen to 
decrease slightly with the area of the base electrodes. 
However this tendency seems to be almost constant 
when taking into account the distance between the 
center of the THz spot and STJs, because the spot 

size of THz-wave was estimated to be about 1 mm in 
diameter. In this experiment, all measured STJ were 
not illuminated by the THz beam. Therefore, we 
concluded that the pulse heigh
the ase electrodes.  
 Next, we investigated be the pulse 
height depends on the area of the top electrode. We 
compared the pulse height using type B STJs, as 
shown in Fig. 5. The horizontal axis indicates the 
area of top electrodes. The area of top electrodes is 
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 THz-wave 
radiation of the newly designed STJs. 
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equal to the tunnel junction area. The pulse heights 
increased with increasing junction area, but were not 
proportional to the junction area. This implied that 
the area just outside of the junction area also 
contributed to the pulse heights. Quasi-particles 
generated by phonons from the LiNbO3 substrate 
absorber can diffuse within the diffusion length of 
about 10 μm in the bottom electrodes an

 tunnel current and pulse height. 
Referring to the above results, we can 

design STJs for THz-wave detection that take into 
account the quasi-particle diffusion length λ in the 
bottom electrodes. For instance, assuming the length 
of a junction to be x, the pulse height should be 
proportional to (x + 2λ)2. The diffusion length 
estimated from the experimental results, shown in 
Fig. 5 was 7 μm. A theoretical λ of about 10 mm was 
calculated [11]. To verify this equation, further 
experiments are planned, including those on 
designing a new photomask and on
ir
 

n 
To enlarge the area of THz-wave 

detectors, we designed and fabricated STJs with 
different areas of the base electrodes and top 
electrodes. The fabricated STJs showed relatively 
good current-voltage characteristics that almost 
correspond to the BCS theory. The STJ were cooled 
to the operating temperature of 0.4 K using a 3He 
cryostat. We observed the waveform for THz-wave 
pulse irradiation from various STJs, which enabled 
us to design the STJs for THz-wave detection, taking 
into account the quasi-
th
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