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Abstract — We report on our initial development towards a 2x2
multi-pixel HEB waveguide mixer for operation at 1.4 THz. We
have successfully fabricated devices comprising an NbN bridge
integrated with antenna test structure using a silicon membrane
as the supporting substrate. DC measurements of the test chips
demonstrate critical current from 0.1 - 1mA depending on the
size of device, with T, of around 10 K and AT, ~ 0.8 K.

I. INTRODUCTION

During the last decade the Hot Electron Bolometer (HEB)
mixer was established as the device of choice for heterodyne
receivers operating at frequencies above 1 THz [1]. As the
HEB mixer technology matures, further improvement in
mixer/instrument performance can be made via the exploration
of new superconducting and substrate materials, the
implementation of multi-pixel receivers, or both [2,3].

We are developing the technology required to implement
a multi-pixel (2x2 matrix) HEB receiver, based on an NbN
film deposited on a silicon membrane. In this paper, we
describe the fabrication process and show preliminary results
made on mixer test chips.

I. SILICON MEMBRANE

The silicon membrane is an attractive substrate for THz
HEB devices, in part because it makes use of well-established
technology. Furthermore, while Si has a relatively high
permittivity (s, ~ 11.8), the thickness of the supporting
membrane can be made sufficiently thin (a few microns thick)
for THz waveguide applications.

Waveguide HEB mixers typically incorporate crystalline
quartz as the substrate material because of its low loss and low
permittivity. However, an MgO buffer layer is needed to
achieve an acoustic match between an NbN film and a
crystalline quartz substrate The use of silicon, compared to
quartz, as substrate material offers a number of advantages.
Firstly, the lack of an additional (buffer) layer simplifies the
fabrication process. The fact that the thin membrane
supporting the NbN bridge and associated planar antenna is
part of a larger , robust structure significantly improves chip
handling, during the mixer chip installation process. Finally,
membrane-based devices also facilitate the extension to multi

pixel receiver array as all elements of the array can be
fabricated on the same wafer.

Fig. 1 Photo of a single NbN bridge on a silicon membrane. The clear
membrane is visualized as the bright yellow square.

I1l. FABRICATION

Test chips were fabricated to enable characterization of DC
and IF performance. Using an SOl wafer as a substrate
material, NbN and thin Au films are deposited by DC reactive
magnetron sputtering in an in situ process [4]. This is followed
by patterning of the superconducting NbN bridge using
electron beam lithography and, several additional photo-
lithographic and lift-off processes to define the planar antenna
and contact pads. Finally, the silicon below the NbN bridge
and antenna structure is etched from the back-side of the
wafer, using the deep reactive ion etching process. The test
mixer chips fabricated thus far measure 6 mm x 6 mm x 0.3
mm thick, with membrane thickness of 6 um. A single
element of the 2x2 matrix is shown in figure 1.
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Fig. 2 Typical current — voltage characteristics of three of our HEB test
devices. Referring to the insert, the main superconducting transition region
corresponds to a T¢ of 9.9K, and a transition width (AT¢) of 0.82K.

IV.PRELIMINARY RESULTS

We have successfully produced a set of test mixer chips
using silicon membrane technology. A representative DC I-V
curve for these mixers is given in Fig. 2. DC tests, made on a
number of chips demonstrate critical current from 300 pA for
smaller devices (2um x 0.22um) to 870 pA for the largest
devices (5pum x 5um). For all devices tested thus far, the main
superconducting transition region lies in the range 9.5-10 K.
This means that the deep reactive ion etching of the silicone
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substrate, which follows fabrication of the HEB mixer, has not
adversely affected the superconductive qualities of the NbN
film. Investigation of the IF quality of these HEB receivers is

under way.
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