
NOTES: 

  

We are developing a fast terahertz photon detector. Fast 
photon detector may be one of the key technologies for 
future terahertz instruments, which may resolve each 
photons to realize high sensitivity. In addition, fast photon 
detectors may be used to study the photon statistics, which 
may act as a precise measure to determine the physical 
properties of the radiation. 

Among various technologies to detect terahertz radiation, 
SIS junction (or STJ) is a good candidate as a device to 
realize a fast photon detector, which should be as fast as 
1 GHz. We have developed an SIS junction of 
Nb/Al/AlOx/Al/Nb which exhibits a leakage current as low 
as 1 pA at a cryogenic temperature of T <0.7 K [1]. The 
junction was 3 µm x 3 µm in size, with critical current 
density of Jc=300 A/cm2. The junction is developed using 
the CRAVITY facility at AIST [2]. The junction has been 
integrated into an antenna coupled SIS detector. The design 
of the detector is discussed in [1]: A twin-slot antenna 
connects to the SIS through a coplanar waveguide. The SIS 
forms a parallel connected twin junction (PCTJ) [3], which 
is tuned to our target frequency of 500 GHz. The low critical 
current density will result in a relatively narrow RF 
bandwidth (4 GHz for our case). The current detector is 
aimed for laboratory experiments where the background 
radiation dominates, therefore the narrow bandwidth is 
preferred. 

Recently, we evaluated the performance of the detector. 
The leakage current was measured at bias voltage of 600 µV 
to confirm the low leakage feature of 1-2 pA. The optical 
performance was also evaluated: The SIS detector was 
irradiated with a blackbody source to evaluate the 
photocurrent.  The measurement was done at cryogenic 
temperature of 0.4 K, with the SIS detector mounted on a 
silicon hyper-hemispherical lens. The spectral response was 
investigated with a Fourier Transform Spectrometer. The 
results clearly show that the detector is sensitive to terahertz 
photons, however the performances were slightly shifted 
from the designed values. The optical efficiency was derived 
to be low, which may have caused by the degraded spectral 
performance, or transmission properties due to the detector 
design. 
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Based on the results, we are now in the course to revise the 
detector design: The detector fabrication parameters are 
investigated to realize a better spectral performance. The 
geometrical design of the detector is studied to improve the 
transmission efficiency from the antenna to the detector, and 
to realize a stable fast readout. The performances of the 
detectors with the revised design are being studied, which 
includes the optical response of the detectors with improved 
fabrication parameters. The design and performance of the 
SIS photon detectors, and their improvement studies will be 
discussed in the presentation. 
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