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Fig. 1.   Schematic illustrations of the PP d-HEB structure and integrated bowtie 
antenna from various perspectives. Note part d) with detail of the HEB cross section 
(not to scale). The sputter and etch angles, along with the SiO

X
 mask, determine the 

size and shape of the HEB bridge.

Fig. 2.   SEM image of the Au contacts evaporated over a 
SiO

X 
pad. Note the taper in the edges of the contacts which 

has an average angle of approximately 24 degrees to the 
normal. Some thin Au residue resides between the contact 
gap which is later removed by a weak wet etchant.

Fig. 4.   Basic fabrication steps for 2 possible EC p-HEB configurations. 
Part a) represents the process for our test devices in this work. Part b) 
represents use of angled sputtering or evaporation of the insulator (Ge) that 
would prevent the notching effect in the NbN.

Fig. 3.   Resistance 
vs. temperature for a 
PP d-HEB test device. 
Source current is 20 
m i c r o a m p e r e s . 
Critical current for 
this device at 4.2K is 
approximately 50 
microamperes.

Fig. 5.   Resistance 
vs. temperature for a 
EC d-HEB test 
device. Source current 
is 100 microamperes.

We term our first device a post processed 
diffusion-cooled HEB (PP d-HEB). The reason for 
investigating this structure is specific to our Nb 
d-HEB mixer project, which utilizes ultra-thin silicon 
mixer chips. This technology has the potential for 
intrinsic stress in the silicon-on-insulator (SOI) 
substrate which is relaxed when the individual mixer 
chips are etched from the SOI's thin silicon layer, 
straining a conventional HEB and causing severe 
changes in electrical characteristics. On such devices, 
a loss of superconductivity at or above liquid helium 
temperature (4.2 K) is observed, whereas such devices 
on bulk substrates tend to have a T

c
 around 5.5 K. 

The PP d-HEB is designed to overcome this potential 
problem by utilizing Nb that is deposited on the 
substrate surface subsequent to the fabrication and 
etching of the individual mixer chips.

The PP d-HEB structure utilizes 2 novel features that 
allow for this inverted HEB geometry. First is the 
incorporation of tapered contacts that allow the Nb to 
be deposited in a relatively contiguous fashion across 
the contact-bridge boundaries. This is accomplished by 
using very high aspect ratio stencil elements (based on 
our SSNaPS process) to mask the HEB region during 
the evaporation of the Au contact pads. The second 
feature is an insulating SiO

x
 pad sits beneath half of this 

structure. The angled sidewall of the SiO
x
 provides a 

self-aligning masking element to aid in the etching and 
patterning of the Nb film in order to define the HEB 
width.

We have utilized the SSNaPS process for fabricating 
NbN phonon-cooled HEBs on ultra-thin Si, relying on 
a highly reactive wet etchant perform the etch of the 
niobium nitride. We find this wet etchant to be very 
effective for this application, as plasma etching, in 
contrast, tends to produce a niobium nitride p-HEB of 
unexpectedly high resistance. However, the wet etchant 
presents a logistical problem when other easily 
oxidizable or oxide containing materials are utilized in 
the mixer design. For this reason, it would be 
advantageous to be able to use a fluorine based plasma 
process, rather than our reactive wet etchant, for the 
NbN etch. A device that appears to at least partially 
solve this problem is our edge contact p-HEB (EC 
p-HEB). This device utilizes a combination etch mask / 
passivation layer precisely placed between two 
specialized contact pads. Resulting is a structure that 
allows for both very short niobium nitride p-HEB 
bridges (down to 50 nm) and presents a very robust 
plamsa etch mask.

Fig. 4 illustrates the basic elements of the EE p-HEB 
structure and fabrication process. As shown, a Ge 
insulating layer is used to separate two Au contact 
pads. The sidewall Ge precisely spaces the contact pads 
and defines the length of the device in the plane of the 
NbN layer. A fluorine-based inductively coupled 
plasma (ICP) etch is used to simultaneously etch the 
exposed Ge and NbN, with the overlying contact pad 
acting as an etch mask to both layers. Resulting is a 
finished EC p-HEB device.

Cryogenic DC measurements were made of the resistance vs. temperature 
relationship on a EC p-HEB test device with a 4 µm wide by 50 nm NbN 
microbridge. A clear superconducting / resistive transition is visible at around 
11 K in figure 5. However, an interesting ramp feature appears below this 
transition. This is possibly a side-effect of our fabrication process. Shadowing 
of sputtered Ge, shown in Fig. 4a, results in a Ge thickness at the base of 
the first contact pad that is less than the open-field Ge. When the Ge is 
anistropically etched to completion, the NbN directly under the shadowed 
region is revealed first and a narrow notched region is formed as this NbN is 
etched. The second contact pad, therefore, makes a connection to the NbN 
along some portion of its cross section rather than the top surface of the film. 
We believe that this may result in boundary effects in the NbN superconductor 
that produces a T

c
 gradient along the end of the p-HEB. It is not clear if this 

is useful for practical p-HEBs in RF operation, but could have the benefit of 
reducing thermal fluctuation noise, as possibly in the case of the PP d-HEB.

ABSTRACT
While the superconducting community has developed various techniques for the fabrication of nanoscale hot electron bolometers (HEB), the basic structure of an HEB microbridge has been fairly consistent. A typical 
HEB used in a cryogenic terahertz mixer consists of a thin strip of superconductor contacted on opposite ends by small metal contact pads in a planar configuration. Both the physics and typical fabrication requirements 
for HEBs inspire this traditional construction. In this paper, however, we demonstrate that alternative HEB geometries are possible, which can in some cases improve the ease of fabrication, alter device characteristics, or 
alleviate certain device limitations. New HEB structures and associated fabrication processes are presented, building on previous work using the SSNaPS method of nanoscale patterning. These include very short niobium 
nitride HEBs with self-aligned bridge etch masks, and sidewall-patterned niobium HEB microbridges.

SUMMARY
We have demonstrated that novel HEB geometries can be fabricated using UV lithography coupled with innovative microfabrication techniques. These devices have interesting characteristics that may make them well 
suited to specialized mixer applications. Though these HEB designs are in their infancy, it appears that they could be refined and integrated into practical terahertz mixer circuits. The unique aspects of the structure of 
these devices has provided some insight into thin film superconductivity that is likely to be useful in other kinds of HEB and superconducting device design.
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Cryogenic DC measurements were taken in liquid helium of test devices made 
on thick Si. Resistance versus temperature data were collected for a device 
of 4 Ω (room temperature) shown in Fig. 3. Interesting is the gradual slope to 
the fully normal state which completes at around 7.9 K. This temperature is 
quite high for superconductivity in thin Nb films of a few hundred Angstroms 
in thickness. However, this device was fabricated with 400 Å of sputtered Nb 
and the side of the bridge nonadjacent to SiO

x
 pad likely has a thickness close 

to this value, raising the Tc close to the bulk value. The large ∆T
c
 is therefore 

likely a result of the HEB bridge being thicker in its center than the ends due 
to complex masking effects in the sputtering process, thereby producing a T

c
 

gradient along the bridge length. This is, perhaps, an interesting effect of the PP 
d-HEB's unusual geometry and could possibly result in low thermal fluctuation 
noise in RF mixer operation.
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