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Abstract — In this presentation, we discuss optimal parameters of
superconducting materials for HEB mixer operation at elevated
temperatures (> 10 K) (electron density, electron mean free path,
and sound velocity) and characteristics of the film/substrate
interface allowing for minimization of the energy loss to phonons.
Our analysis of available experimental data shows a significant
promise of ultrathin MgB, films and low-density MBE-grown
quasi-2DEG LaCuO/LaSrCuO superconductors. We will also
discuss the role of the inelastic electron-boundary scattering that
bypasses the phonon subsystem for energy transfer from
electrons to the substrate.

I. INTRODUCTION

Superconducting hot-electron bolometers (HEB) are
currently the most sensitive radiation mixers above 1 THz.
The current HEB technology is based mainly on NbN
superconducting ultra-thin films with operating temperature of
~ 10 K. The use of superconductors with higher critical
temperature is attractive, as this would allow for operation of a
heterodyne receiver with affordable mechanical cryocooling
on suborbital platforms and in space. However, beside the
availability of thin-film materials with high critical
temperature, the substantial loss of conversion efficiency due
to the strong interaction of excited electrons with phonons
(heating of phonons) is an issue. The loss manifests itself via a
distortion of the intermediate frequency (IF) spectrum where
the conversion efficiency is small at the IF of several GHz.
This loss mechanism is fundamental at elevated temperatures
(10-100 K) and careful consideration of material parameters is
required for achieving a useful HEB mixer in this temperature
range. To avoid the phonon heating, two important conditions
for phonons and electron relaxation times must be satisfied: (i)
the electron-electron relaxation time, 7.., should be shorter
than the electron cooling time, 7, and (ii) the time of the
phonon escape from the sensor to substrate, 7., should be
shorter than the phonon-electron relaxation time, 7ph.c.

An YBCO HEB mixer with a critical temperature Tc = 90
K was pursued in late 90s but without much of success. A new
interest have arisen recently to high-Tc HEB mixers in view of
the availability of new thin-film materials (MgB, with T¢ = 40
K [1, 2] and LaCuO/LaSrCuO with T¢ = 50 K [3]). The hope
is that the physical properties of these new materials can be
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Fig. 1. An IF bandwidth in a MgB, mixer device on SiC substrate at 10 K.
tuned better, thus largely eliminating the role of the phonon
“heat trap.” The latter was the major hurdle in achieving an
efficient YBCO HEB mixer.

II. ELECTRON AND PHONON HEAT FLOWS IN THIN FILMS

A simple picture of the hot-electron effect assumes that
electrons are heated by the THz radiation whereas phonons
remain at the bath temperature. This is true only at low
temperatures in thin films (e.g., for Nb, T < 4 K, film
thickness, d < 10 nm [4]). Beside the small value of 7..
required for thermalization of the electron gas, a condition 7.
<< Tph.. must be fulfilled. Only in this case phonons will leave
the film fast, without trapping the energy and reheating the
electrons. 7.s ~ d/v; (v is the sound velocity) and 7. = 7.C,/Ce
(C, and C. are the phonon and electron heat capacities,
correspondingly). Since C, ~ T and C, ~ T, C. >> C, at low
temperature and thus the condition 7., << 7). can be met. At
higher temperature (typically, above 10 K), this is not true
anymore and the phonon heating become unavoidable. An
analysis based on the two-temperature (2T) model [5] shows
several different scenarios depending on the hierarchy of e
Tphe» and 7. The most radical case is that found in YBCO
where 7, >> 1., >> T, [6]. Here the efficient mixing process
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could be expected only at the intermediate frequencies (IF)
lower than 7.,' ~ 100 MHz. Even in thin (~4 nm) NbN films
phonons trap some heat. As a result, the effective IF
bandwidth depends on both temperature and film thickness
thus bearing dependencies of 7, Tph-c, and 7, mixed-in together
according to equations of the 2T model [7]. In general,
minimization of 7. helps to mitigate the phonon heating issue.
This has been demonstrated in two novel high-T¢ materials:
MgB, where v; is very high (~ 8 km/s), and LaCuO/LaSrCuO
which is only a few monoatomic layers thick.

III. MGB,

The MgB, HEB mixer was proposed in [8]. The prediction
of the 2T model was that a ~ 10 GHz IF bandwidth could be
achieved in films with d < 10 nm. More recent measurements
in high quality films with Tc = 40 K [9] showed that the IF
bandwidth does depend on d as predicted by the model (see
Fig. 1) but the absolute value is at least twice as high as in
NbN. Even higher IF bandwidth has been measured at 20-25
K (Fig. 2). Given the progress in developing ultrathin films
with d < 10 nm [10], achieving the 10 GHz IF bandwidth
along with a good conversion efficiency is foreseen in the near
future.

IV.LACUO/LASRCUO

Quasi-2D  heterostructures  that  contain  ultrathin
La,,Sr,CuO4 (LSCO) layers are grown by atomic-layer-by-
layer MBE (ALL-MBE) [11]. The transition temperature can
be tuned from sub Kelvin temperatures to 50 K (see Fig. 3)
using appropriate doping profiles. The interfaces between
LSCO layers with different dopings are highly transparent for
phonons, since the layers differ only slightly in their atomic
composition providing an ultrafast phonon escape. Study of
the thermal conductance in LSCO layers [3, 12] revealed that
T, 1S the shortest time even at 50 K and that the relaxation rate
is driven by the -electron-phonon process, as in low-
temperature materials.

V. CONCLUSIONS

Analysis of two promising high-T¢ materials suggests that
there are ways to reduce or even eliminate the effect of the
phonon “heat trap” at temperature 10-50 K. This can open up
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Fig. 2. IF spectra in a 15-nm thick MgB, mixer device on SiC substrate.
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a possibility to achieve efficient HEB sensors not requiring
liquid He for operation.
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