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Abstract— While focused E-beam and Focused Ion Beam 

patterning tools have been shown to be successful methods for 
defining nanoscale features of superconducting hot electron 
bolometers (HEBs), there are some drawbacks to these 
techniques. These serial processes are not widely available and 
are slow for producing large numbers of HEBs. Although device 
throughput has not been traditionally emphasized for typical 
HEB and microwave circuits, HEBs are very vulnerable to ESD 
damage and low circuit yield. Also, there is growing interest in 
building high density HEB receiver arrays. As an alternative to 
high-end nanolithography techniques, we have developed a novel 
"Suspended Sidewall Nano Patterned Stencil" (SSNaPS) process, 
which requires conventional I-line contact lithography, 
sputtering, and RIE tools, which are all commonly available. 
This method involves a conformal sputtering of Titanium over 
patterned polyimide steps and a subsequent anisotropic etch of 
Titanium on the horizontal surfaces. Thin lines of Ti remain on 
the sidewalls of the polyimide features whose width is determined 
by the thickness of the initial sputtered layer. These nanoscale Ti-
lines, combined with micrometer scale Ti patterns, can be used 
for the accurate patterning required for superconducting HEB 
fabrication. This method allows for simplified parallel 
fabrication of large numbers of HEBs or other nanoscale devices 
and is available to most fabrication facilities. 
 

Index Terms—HEB, sidewall, Titanium, superconducting 
 

I. INTRODUCTION 
n the field of high frequency detection, there is growing 
interest in diffusion and phonon-cooled superconducting 

HEB heterodyne mixing elements. While both elements have 
one dimension on the order of 100nm, the diffusion-cooled, or 
d-HEB, has a second 100nm dimension. Although our new 
patterning process can be applied to both bolometer types, this 
paper will emphasize the case of the more challenging d-HEB.  
Generally composed of a thin and small rectangular Nb strip, 
the d-HEB lies within a planar antenna structure on a mixer 
chip. The highly non-linear resistance characteristic of the 
HEB - dependent on temperature, bias current, and absorbed 
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RF power – makes low noise mixing at Terahertz frequencies 
possible. With virtually no reactive component and no 
superconducting gap associated frequency limitations, the 
HEB is an attractive alternative to well-established SIS 
(superconductor-insulator-superconductor) junction mixer at 
higher frequencies. Many astronomical applications, as well as 
ground-based imaging applications, see a growing need for 
Terahertz sensing capabilities. 

Much is still being learned about HEB characteristics and 
operation, and it is unclear how much further improvement in 
noise temperature and bandwidth is possible or how well they 
can be integrated into receiver arrays. One obstacle that has 
slowed HEB research is the fact that these devices have been 
traditionally difficult to fabricate by common microfabrication 
techniques. HEBs must have nanometer scale lateral 
dimensions (approximately 100-200nm) to satisfy the electron 
interaction lengths and allow mixing on the time scales of the 
few GHz intermediate frequencies. However, the HEB is a 
component of a larger planar mixing circuit containing an 
antenna to couple energy into the HEB and a filter structure to 
allow the intermediate frequency (IF) to radiate from the 
circuit. Typically, a combination of photolithography and e-
beam lithography is used to generate the large (micrometer 
scale) planar elements and smaller (nanometer scale) HEB 
elements, respectively. This method is cumbersome and slow 
due to the serial process of writing the HEB patterns by e-
beam on a per-device basis. This is especially disadvantageous 
for d-HEBs which are prone to ESD damage and subsequent 
low yield. This requirement also prevents laboratories without 
e-beam facilities from investigating these structures. Another 
drawback is that this approach divides the metallization of the 
planar circuit and HEB contact pads into separate process 
steps, meaning that they are not a single continuous structure. 
The interface between the two regions can supply additional 
contact resistance to the device and potentially degrade 
performance. 

We report on a new HEB mixer fabrication method we have 
developed at the University of Virginia called the “Suspended 
Sidewall Nano Patterned Stencil” (SSNaPS) process, which 
requires only conventional contact photolithography and 
allows virtually all of the Au mixer circuitry to be patterned as 
a single physical structure. This is a powerful process because 
large quantities of devices can now be made simultaneously 
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across the wafer with very good uniformity. Additionally, the 
fabrication tools required for the SSNaPS process are 
relatively basic and available to many more research 
organizations. This technique will enable more researchers to 
make and test HEBs and a variety of other nano sized 
structures while increasing overall knowledge of such devices. 

II. BRIEF DESCRIPTION OF 585 GHZ HEB MIXER DESIGN 
Our fabrication efforts have used a specific mixer design 

developed previously at UVA. This novel design combines an 
HEB element on an ultra-thin Si substrate with beam lead 
connections [1,2]. Originally, the HEB portion of the mixer 
was generated with e-beam lithography. Recent research, 
however, has focused on performing all aspects of device 
patterning by photolithographic means using our new SSNaPS 
process. 

The 3um thick mixer chip is designed to operate at a center 
RF frequency of 585 GHz, using a waveguide block with an 
integrated diagonal feedhorn to couple RF and LO power into 
the HEB. The chip is suspended within a reduced-height 
waveguide by way of its integrated gold beam leads. The 
mixer incorporates a bowtie antenna, contacted to the HEB, 
with a low-pass filter structure to pass the IF signal out 
through a beam lead on the end of the chip. All planar circuit 
features are made of gold. An e-beam patterned p-HEB 
version of this mixer has yielded Tr ~850K at 650GHz [3]. 

III. SSNAPS PROCESS 
A. General Overview 

The core of the SSNaPS process is the creation of 
nanoscale Ti wires, which we simply call Ti-lines. These are 
generated by sputtering a relatively thick (on the order of 
200nm) layer of Ti on a 1.2 micrometer sacrificial layer of  
polyimide which coats the device substrate. The polyimide is 
previously patterned such that there are extremely vertical 

steps (approx. 6000 Angstroms deep) etched partly into it by 
reactive ion etching (RIE). Conventional photolithography is 
used to define the location and size of these steps. Because the 
Ti is sputtered onto the polyimide layer at a 45 degree angle 
while the substrate is rotated, a relatively conformal coating is 
achieved. Knowing the sputtering rate, the deposition time can 
be controlled to target a specific thickness of Ti on the 
sidewall of the polyimide steps. An anisotropic Ti RIE 
process, based on Freon-12, is then used to remove the Ti on 
horizontal polyimide surfaces. The Ti on the sidewalls of the 
polyimide is left relatively untouched. Remaining is a “lining” 
of Ti, whose standing width is equal to the original thickness 
on the polyimide sidewall. At a width of 100-200nm, Ti-lines 
are very useful for defining small lateral dimensions of other 
features. This SSNaPS process has some similarities to 
processes developed in the early 1980’s for defining nano 
sized metal lines [4] and more recently [5,6]. The following 
section describes our novel application of this process to the 
fabrication of  superconducting HEBs. 
 
B. HEB Bridge Length Definition 

Before any patterning is performed, a base layer of 10-
15nm  HEB Nb and a 15nm Au protection layer is deposited 
onto the entire Si substrate. The Au prevents the Nb from 
oxidizing during processing, and provides a clean interface for 
the subsequent deposition of the thicker Au planar circuit 
structures. 

The length of the d-HEB is defined by the spacing of Au 
contact pads on either side of what will be the Nb bridge. 
SSNaPS processing allows the contact pads to be a continuous 
extension of the antenna structure. The gap between the 
contact pads is generated simply by forming a Ti-line across 
the antenna portion of the planar circuit. The Ti-line, along 
with the larger pattern of the planar structure, is used as a 
liftoff stencil for evaporation of Au. The Ti-line and planar 
circuit stencil are etched from a single Ti layer such that they 
are continuous and structurally solid. This is an advantageous 
arrangement because the micrometer scale portion of the 
stencil serves as an anchor on either side of the delicate Ti-
line as it defines the narrow opening between the contact pads. 
The formation of the micrometer scale liftoff features in the 
same liftoff structure as the thin Ti-line is done by covering 
the Ti/polyimide layer with photoresist, patterned by the 
planar circuit mask, prior to Freon-12 RIE etching. This RIE 
etch step removes the Ti from the regions that will be filled in 
with evaporated Au, but leaves the Ti-line bridging the 
antenna throat. A long oxygen plasma etch is next used to 
remove the sacrificial polyimide from beneath the openings in 
the Ti stencil and to slightly undercut the polyimide at the 
edges of the pattern. This also leaves the Ti-line suspended, 
which is ideal for liftoff. After Au evaporation, the polyimide 
is removed by solvent and the Ti stencil is released along with 
it. The patterned Au remains on top of the thinner protection 
Au which was deposited in situ over the HEB Nb layer. Steps 
1 through 13 of Fig. 2 illustrate these portions of the process. 

 
 

Fig. 1.  SEM micrograph of a 585 GHz HEB mixer on 3 micrometer thick Si. 
The HEB lies in the center of the device, electrically connecting the halves of 
the bowtie antenna. Note the beam leads hanging from the chip perimeter, 
used for physical support and electrical connections. 
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C. HEB Bridge Width Definition 
The width definition of the d-HEB is very similar to the 

length definition with the exception that the Ti-line is used as 
an etch mask rather than a liftoff stencil. A step feature is 
made in a polyimide layer such that it lies along the center line 
of the mixer. A suspended Ti-line is generated perpendicular 
to the contact pad gap in the planar circuit Au, using an 
anchoring pattern, as in the bridge length definition, to 
provide structural support. After the Ti RIE etching and 
oxygen plasma etching, the suspended Ti-line serves as an 
etch mask for the removal of the exposed thin protection layer 
Au and base Nb outside of the bridge region. RIE Ar and 
Freon-12 based etches are used to remove the Au and Nb, 
respectively. The polyimide is again dissolved and the Ti layer 
removed. 15nm of Au from the base layer remains on the Nb 
bridge. This is removed by a 2nd Ar based RIE etch. Though 
much of the evaporated Au has been exposed to two Ar 
etches, both etches are short in duration such that a substantial 
layer of contact pad Au remains. Steps 14 through 26 of Fig. 2 
illustrate these steps of the process. 

 
 
Fig. 2.  Illustration of main processing steps incorporating Ti-lines to 
generate nanometer scale features of a d-HEB.  
 

 
 

Fig. 3.  SEM micrograph of a suspended Ti-line bridging the throat of the 
mixer antenna pattern. The Ti pattern serves as a liftoff stencil for evaporated 
Au. Note the undercutting of the polyimide (dark) beneath the Ti layer. 

 
 

Fig. 4.  SEM micrograph of a completed d-HEB fabricated by the SSNaPS 
prcoess. The Nb bridge can be seen in the center of the image. The wisps of 
Au on the contact pads are due to Au sputter redeposition on the polyimide. 
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D. Miscellaneous Processing Details 
There are other details of the mixer fabrication that are 

ancillary to the HEB and planar circuit portions of the process. 
These include the Au plating of the beam leads, thinning of 
the SOI wafer, and the etch and release of the ultra-thin mixer 
chips. For the most part, these steps are inconsequential to 
fabrication of the mixer circuitry, and have been previously 
published [2].  

IV. DC TESTING RESULTS 
In addition to the 585 GHz ultra-thin Si mixers, we have 

made simple DC test devices to measure various electrical 
characteristics of the d-HEBs. These devices are 3 millimeter 
squares, incorporating large Au test pads rather than the 
planar RF circuitry and are diced from the substrate using a 
dicing saw. The devices fabricated for these tests were 
deposited on a quartz substrate with a 15nm Nb layer. The 
lateral dimensions of the d-HEBs are approximately 200nm by 
200nm. The room temperature resistance of these devices falls 
between 11 and 14 Ohms. 

The following graphs present our results, including the 
superconducting transition temperature and I-V curves for 
various temperatures. Of particular interest, the 
superconducting/resistive transition is fairly abrupt and 
smooth. The observed resistance ratio is about 2:1. Also, the 
observed critical current at 4.2K is rather high at about 300 
microAmps, or at a critical current density of 107 Amps/cm2. 
The series resistance of the entire mixer is very near zero in 
the superconducting state, as can be seen in Figs. 5 and 6. It is 
also interesting to note that there was virtually no hysteresis in 
any of these measurements. 

 
Fig. 7 illustrates changes from the superconducting state to 

the resistive state due to RF power applied to a test device. 
Though the RF radiation is low in frequency and precise 
power coupled into the device is unknown due to the nature of 
the test apparatus, it is useful to know that RF radiation can, in 
fact, affect operation of these devices in a manner consistent 
with superconducting mixer elements. 

V. CONCLUSION 
The SSNaPS technique is very effective for not only 

accurately generating nanoscale superconducting d-HEB and 
p-HEB features, but also consolidating the entire mixer 
fabrication process into a few relatively simple steps. This 
process requires commonly available I-line contact 
lithography and is thereby available to laboratories without e-
beam tools. An added benefit is the ability to generate large 
quantities of HEB mixers in parallel. With this technique, 
HEB device dimensions can be tailored on a per wafer basis 
by simply varying the Ti thickness. Recently optimized d-
HEB mixer fabrication with SSNaPS has yielded a room 
temperature sheet resistance of about 39-45 Ohms per square 
with 10nm thick Nb on a Si substrate. In addition to THz 
mixers, our SSNaPS technique can also clearly be used in 
other applications to define nanometer scale features. 
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Fig. 5.  Measured R-T curve for 14 Ohm (room temp.) d-HEB with 50 
microAmp (approximately 16% of critical current at 4.2K) bias current. 

 
Fig. 7.  Measured resistance of 11 Ohm (room temp.) d-HEB at 4.2K vs. 
applied  10 GHz radiation at various bias currents. The power values indicate 
applied power. Because the device is capacitively coupled to the power 
generator, actual received power is unknown and presumed to be much lower 
than applied power. 

 
Fig. 6.  Measured I-V curves for 14 Ohm (room temp.) d-HEB. 


