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Enhanced sensitivity of THz NbN hot electron bolometer mixers
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Abstract—We present an unprecedented low noise
temperature of a NbN hot electron bolometer (HEB) mixer at
1.63 THz, which demonstrated the best DSB receiver noise
temperature (T25E) of 530 K and DSB mixer noise temperature
(TPSB. ) of 240 K. The latter is 3 times quantum noise at this
frequency (hv/k). The new mixer is developed for the proposed
OASIS and SALTUS missions and was fabricated using
contacts that have a cleaned interface between Au and NbN.
The improvement of T238_is 30 % in comparison with NbN
HEB mixers with a superconducting interlayer added to the
contacts in our labs. The reduction in T2SE can reduce the
integration time of a heterodyne instrument roughly by a factor
of 2. The performance is also evaluated at two higher
frequencies of 2.52 and 5.25 THz, at which we also obtain better
results than our previous devices.
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I. INTRODUCTION

NbN HEB mixers have been flown on Herschel [1],
SOFIA [2], and STO2[3], and will be flown on GUSTO [4]
and ASTHROS [5]. They are also the choice for the FIRSS
(or LETO) [6], OASIS [7], and SALTUS [8] space missions,
proposed (or to be proposed) to ESA and NASA,
respectively. Due to limited lifetime for space missions, a
low T2$5 is highly demanded to make optimal use of the
observation time.

Many years of R&D at different research groups in the
world have been devoted to realize low noise NbN HEBs,
where the T.258 measured at 1.63 THz or extrapolated to this
frequency are, for example, 750 K (for HIFI [1]), 690 K
(STO2), and 760 K (GUSTO)[9]. Those values have not
been reduced in the past decade. The HEBs for STO2 and
GUSTO were fabricated at TU Delft using contacts that have
a superconducting interlayer (either NbTiN or Nb) between
the Au and thin NbN. This interlayer helps to overcome the
proximity effect to maintain the NbN underneath the Au to
be superconductive. However, this layer may introduce side
effects e.g., on RF loss and RF current flow, which can affect
TS5 .. Here we present the results of a new NbN HEB mixer
using contacts that were cleaned and have a direct interface
between thick Au and thin NbN. We show that the DSB
mixer noise temperature improves by 30 % at 1.63 THz
compared to the devices we have previously produced for
GUSTO. We also find improvements at higher frequencies,
but less significant, which will be briefly explained in section
I"i.

Il. HEB AND EXPERIMENTAL SETUP

HEBs with 400 nm in length and 4 pum in width imbedded
in a spiral antenna were fabricated based on a standard thin
NbN film [10]. We performed in-situ ion-cleaning of the
NbN surface before deposition of thick Au but skipped the
superconducting interlayer. Furthermore, we have also
merged the two steps of making thin contact pads and thick
antenna arms to only one. In this way 200 nm thick spiral
arms end up right on both sides of the NbN bridge. This
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makes the current path from the Au antenna to the NbN
bridge straightforward.

It should be mentioned that the spiral antenna of this
device is a modified version of the one used in GUSTO [11]
to be able to accommodate the two times wider bridge at its
center.

The superconducting transition temperature (T¢) of an
HEB from this batch is measured to be 8.8 K, which is lower
than that of the original NbN film (> 9.5 K). This suggests
that we indeed have a highly transmissive interface in the
contacts [12]. Similar contact structures have been reported
earlier by LERMA [13].

TPSE of a NbN HEB (OASIS BM2 7B) was measured at
an IF of 1.7 GHz and a mixer operating temperature of 4.6 K
in a standard setup in air using 1.63, 2.52 and 5.25 THz LOs.
The IF chain consists of a circulator between the bias-tee and
a low noise SiGe amplifier, which has a noise temperature of
6.5 K. A Si lens with an anti-reflection coating optimized at
1.6 THz was used to couple the radiation to the HEB for all
the frequencies.

I1l. RESULTS

The (un)pumped IV curves at 1.63 THz are shown in Fig.
1, where the optimum operating region, in which the best
performance found is indicated.
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Fig. 1. Pumped IV curves of a NbN HEB at 1.6 THz
Measured T,258 together with T2?E  (including the
contribution of a Si lens ideally antireflection coated for the
specific frequency), in unit of hv/k (quantum noise, QN), and
DSB mixer conversion gain G232, are summarized in Table
I for all three frequencies. The T238 includes the
contributions from the air, a beam splitter, window, heat
filter, and the Si lens. The T.235,  is about 30 % better than
the best device out of 16 GUSTO HEBs at 1.63 THz, which
was measured in the exact same setup and has an T27E, . of
350 K. We also find a 3-4 dB higher G23E ., which may

suggest a lower RF loss due to the contacts.
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At5.25 THz we also observe an improvement, but it is less
significant. This can be partly attributed to the non-optimized
spiral antenna used for the higher frequencies since the
coupling degraded because of the antenna modification
explained in the previous section, and can be partly to the
quantum noise, which plays a more role at the higher
frequency [14].

Table I: Measured receiver noise temperature T258, derived mixer noise
temperature T2$8  (including the contribution of a Si lens ideally

mixer

antireflection coated for the specific frequency), T23E, in unit of hv/k (QN),

and DSB mixer conversion gain (G252,.). All are obtained at an IF of 1.7

GHz and an operating temperature of 4.6 K
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(5]
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In Fig. 2 we show the receiver output power in responding to
hot/cold loads as well as the DSB noise temperature at 1.63
THz LO around the optimum bias point. As shown, the low
noise performance is present in a relatively wide current
range, which gives some freedom in tuning the LO power.
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Fig. 2. Measured output power responding to hot and cold loads (left)
and resulting DSB receiver noise temperature (right) measured at 1.6 THz
and 0.6 mV bias.

This device requires an LO power of ~240 nW at all 3
frequencies, which is a good compromise between
availability of the LO source and stability of the receiver.
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