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Abstract—Low noise receivers working at terahertz (THz) frequencies are very important for many applications and basic researches. Due to the lack of high quality amplifiers at such high frequencies, the front end of a THz receiver is usually a mixer whose noise and conversion performances play the key role in determining the quality of the whole system.  Superconducting hot electron bolometers (HEB) have been shown to be exceptionally advantageous as mixers at THz frequencies. Typically an HEB mixer consists of two parts, a bolometer for mixing the signal with the local oscillation (LO) and a planar antenna for coupling both of them into it. 

We use NbN films to make the devices. The films should be thin enough to increase the sensitivity of the devices but remarkable suppression of Tc always accompanies reduction of film thickness when films are about or less than Bardeen-Cooper-Schrieffer (BCS) coherence length (0。Thus the fabrication of such films is crucial. In our work high quality NbN thin films (3-5 nm thick) are grown on MgO (100) or high resistance Si (100) substrates by direct current (DC) magnetron sputtering in Ar + N2 gas mixture with the substrates kept at room temperatures. The highest Tc’s are about 12 K for 3.5 nm films on MgO, and 9 K for 5 nm films on Si respectively, while their sheet resistances R(  are about 500 ( for the former and 900 ( for the latter. 

Making use of such NbN ultra-thin films, HEB mixers have been designed and fabricated. The NbN HEB mixer consists of a planar equiangular spiral metallic antenna with a frequency range from 0.4 THz to 4 THz, and a superconducting micro-bridge with the sizes of 0.4(m (3(m. The antenna is connected to the NbN micro-bridge via contact pads which consist of a NbN layer 6-10 nm thick and a 50 nm thick Au layer on top of the NbN layer. This 6-10 nm NbN layer is used as a buffer between the gold antenna and NbN HEB to reduce the degradation of HEB’ Tc caused by the proximity effect; it can reduce the contact resistance of the device too. Time-domain THz spectroscopy (TDTS) is used to investigate experimentally the coupling efficiency and frequency range of the HEB device. 

In addition to the details of the design, fabrication and characterization of the NbN HEB devices, we shall report their direct current and high frequency performances as well. For receiver operations, an optically pumped far-infrared gas laser (FIRL100 from Edinburgh Instruments Ltd.) is used as the LO source. Y-factor technique is used to measure the noise temperatures, with blackbodies at 300 and 77 K as the hot and cold loads respectively. The receiver’s lowest double sideband (DSB) noise temperatures (TN) are 920 K at 1.6 THz and 1630 K at 2.5 THz, respectively, without any corrections.
