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Abstract— We present results on the design, fabrication, and measurement of 1.5 THz waveguide niobium titanium nitride (NbTiN) superconducting hot electron bolometer (HEB) mixers. The NbTiN HEB element is combined with a RF choke filter, a dc/IF circuit, and made from a 12 nm thick NbTiN thin film deposited on a crystalline quartz substrate with 1600 m × 42 m ×25m area by sputtering an NbTi target in an atmosphere of Ar and N2 gas at the room temperature. The structures of the NbTiN microbridge, the RF choke filter, and the dc/IF return circuit are designed by high frequency structure simulator (HFSS) software. The HEB mixer is characterized through Fourier transform spectrometer (FTS) response and receiver noise temperature measurement. The FTS measurement shows that the response of the HEB mixer is centered near 1.3 THz with a bandwidth of about 400 GHz. The cause of the measured center frequency shifting down to lower frequency is not clear until now. Even with a response of frequency down shift, the uncorrected DSB receiver noise temperature of the NbTiN HEB mixer is measured to be 3000 K at 1.47 THz by providing a solid state tunable local oscillator (LO) source. The intrinsic noise temperature of the HEB mixer is corrected to be 1500 K after removing quasi-optical and IF amplifier chain losses. Since the LO output power is not sufficient to pump the HEB device of a 0.4 m × 3 m dimension, we used a thick Mylar film as beam splitter with large RF transmission loss. The LO power absorbed by the HEB is evaluated to be 2900 nW by using isothermal technique. The measured IF gain bandwidth is about 1.2 GHz. We found that the size dependence of the noise performance for 650 and 800 GHz HEB mixers would originate from the existence of both of phonon-cooling and diffusion-cooling mechanisms. Therefore, the small devices will be promising to show lower noise temperature at 1.5 THz. The investigation of the size dependence of the receiver noise temperature is ongoing. For device fabrication, we will introduce an AlN buffer layer between the NbTiN film and the quartz substrate to increase the critical temperature of the NbTiN thin film, which will be useful for further improvement of the HEB mixers performance.
