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Development of technology for manufacturing NbN HEB mixers with a

small spread of DC and RF parameters for the creation of matrix

receivers in the terahertz range
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The work is devoted to an experimental study of the influence of the process parameters of magnetron deposition

of a thin 4−5 nm superconducting film of niobium nitride NbN and the fabrication technology of NbN HEB mixers

on the spread of their main parameters to minimize this spread in the future. The main parameters of the

NbN HEB mixer are normal resistance R300, critical temperature Tc, superconducting transition width Tc, noise

temperature Tn, conversion bandwidth B and required local oscillator power Pobs. Studies of B and current-

voltage IV characteristics of NbN HEB mixers were carried out at different temperatures of the Si substrate, at

T near Tc and T much lower than Tc, this made it possible to identify individual interfaces in the mixer due

to their different Tc. and study their influence. The uniformity of parameters of NbN HEB mixers, in addition

to optimizing the NbN film deposition process, was achieved by preparing the surface of the Si substrate, as

well as by using an Au layer deposited in situ with the NbN film — contact with a planar THz antenna. The

NbN HEB mixers manufactured according to the optimized route had almost identical R(T ) characteristics with

a spread of Tc and normal resistance R300 of no more than 0.15K and 2�, respectively. The noise temperature

at the local oscillator frequency of 2.52 THz was 800K with a variation of 150K from device to device. The

noise bandwidth of the mixers at T = 4.5K averaged 7GHz. Optimized fabrication technology will make it

possible in the future to create multi-pixel heterodyne arrays from NbN HEB mixers with high uniformity of pixel

parameters.
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Introduction

With the development of insturmentation, submillimetric

and terahertz electromagnetic radiation bands occurred to

be available for spectroscopic observations. These bands

contain spectral lines of chemical compounds important

for medical applications, security and control systems,

environment, cosmology, planetary astronomy and other

areas such as C+, CO, CH, CH+, CH3D, HCN, HNC, O2,

HCl, HF, Cl, OH, OH+, MgH, H2O, O3 lines.

When an observed spectral line is found to belong to

a
”
spectral signature“ of any compounds, then, according

to its intensity, the abundance of this compound and the

processes flowing in the observed space area may be

assessed. For example, C+ (158µm) line is more bright in

the submillimetric Milky Way radiation spectrum suggesting

high abundance of this element in the galaxy. The intensity

of this line define the star formation regions where the

surrounding dust accumulations are heated very much by

the ultraviolet radiation [1].

Considerable progress in the submillimetric band spec-

troscopy was provided by the development of low-noise

mixers on the superconductor–insulator–superconductor
(SIS) tunnel junction [2,3]. The noise temperature of SIS

receivers is only a few times higher than the quantum limit,

however, increases dramatically at heterodyne frequencies

higher than the gap frequency for the superconductor to

be used (700 GHz for Nb). The maximum heterodyne

frequency at which operation of SIS mixers based on NbTiN

films was demonstrated is 1.4 THz [4]. At frequencies

higher than 1 THz, a hot electron superconductor mixer —
hot electron bolometer (HEB) has the highest sensitivity

and requires a lower heterodyne power level. Heterodyne

source for frequencies higher than 1 THz is an intrinsically

sophisticated device consisting of a heterodyne and a phase

and frequency stabilization system. The width of the

heterodyne line defines the receiver frequency resolution.

Currently, the existing instruments use Schottky barrier

diode multipliers, quantum-cascade lasers, photoconductive

antennas and UTC diodes (uni-revealing carriers diode) as
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a generator. Thus, the noise temperature measured in the

two-band mode reached 650K at the heterodyne frequency

of 2.5 THz for HEB mixers [5].

Due to high sensitivity of HEB mixers they are used

in astronomic projects of the European Space Agency:

SOFIA Stratospheric Observatory with the 2.5 meter

mirror designed to conduct observations at frequencies

from 1 to 5 THz, [6] and TELIS [2] for operation within

1.76−1.86 THz. The HERSCHEL space observatory also

used HEB mixers in 1.4−1.9THz channel [7]. Among

the SOFIA instruments, 1.4, 1.9 and 2.5 THz channels of

the GREAT instrument are based on single waveguide

NbN HEB mixers [8]. The upGREAT instrument, GREAT

receiver, is already a multipixel heterodyne matrix [9].
The upGREAT low-frequency array (LFA) consists of

waveguide HEB 2× 7 pixels, two sets are required to

separated polarizations at 1.9−2.5 THz. The upGREAT

high-frequency array (HFA) consists of 7 waveguide HEB

set to operation at 4.745 THz. The hexagonal configuration

was chosen to ensure the maximum display efficiency. LFA

with a noise temperature of 600K in the center of the

frequency range has been successfully put into operation

for observation of CII 1.905 THz line. [6].

The DOME A observatory developed by the Purple

Mountain Observatory of the Chinese Academy of Sciences

may become a most promising land-based observing station

for THz astronomy [10]. China plans to build the DATE5 5

meter THz telescope equipped with two-range heterodyne

receiver for the atmospheric window frequencies of 0.85

and 1.4 THz based on the HEB mixers.

The
”
Millimetron“ [11] project created by the Astro

Space Center of P.N. Lebedev Physical Institute of the

Russian Academy of Sciences is the sixth space telescope

after the ISO, SWAS, Odin, Spitzer and Herschel ob-

servatories that provides the opportunity observations at

frequencies higher than 0.5 THz. The
”
Millimetron“ will

investigate water origin and transport processes in the

Universe — this is one of the key research objective of

the observatory [12]. As a result, water content in various

space objects from galaxies to comets will be studied,

water transport mechanisms between various types of space

objects and relation of interstellar water molecules to the

origin of life on Earth.

The investigation of water origin and transport in

the Universe will be possible by the
”
Millimetron“ ob-

servatory due to single-mirror observations using the

”
High-Resolution Spectrometer“. This instrument in-

cludes heterodyne receivers for the following frequency

bands: 500–600 GHz (M1), 750–900GHz (M2), 1080–
1230 GHz (M3), 1300–1400 GHz (M4), 1900GHz (M5),
2400 GHz (M6), 2600GHz (M7) [11]. Frequency division

considers the existing technological capabilities for creation

of receivers.

For M4−M7 ranges operating at frequencies higher than

1.3 THz, heterodyne seven-pixel matrix receivers based on

NbN HEB mixers will be used [11]. Terahertz HEB mixers

use the disordered ultrathin (3.5−5 nm) NbN superconduc-

tor film as a sensitive element. Currently, each heterodyne

matrix pixel — HEB mixer —is considered as a separate

detector requiring individual bias voltage and heterodyne

power settings. For matrix sizes equal to at least a dozen of

pixels, such individual approach to matrix setting is almost

not applicable. The problem may be solved by standardized

HEB mixers that require no individual setting. For this, NbN

film deposition and Si-substrate NbN HEB mixer production

technologies shall be improved. Detectors with maximum

close R(T ) and minimum spread of normal resistances R300

at room temperature shall be manufactured for detectors

with identical geometry within a single batch.

Moreover, the modern HEB as heterodyne detectors have

almost achieved their sensitivity limit [13,14], however, they
have a conversion bandwidth not exceeding 3− 4GHz [15].
Further reduction of the noise temperature, required het-

erodyne power and increase in the conversion bandwidth

of the NbN HEB mixer are of high practical interest.

Physical phenomena that define the operation of a mixer

based on the electronic heating effect in superconductor

theoretically make it possible to implement a mixer with

noise temperature close to the quantum limit and interme-

diate frequency band much larger than that developed by

the moment because the energy relaxation time of excited

electrons is very short and this potentially allows a mixer

with conversion bandwidth more than 10GHz to be created

on the basis of ultrathin NbN film. However, the mixer

response rate is defined by the time of departure of non-

equilibrium phonons into the substrate, therefore, to achieve

such response rate, this time shall be reduced and conditions

for diffusion cooling of the electronic subsystem of the films

shall be provided.

Besides the investigation of objects in cold low-radiation

areas of the distant Universe, the heterodyne receipt circuit

used for submillimetric and terahertz frequency ranges with

high spectral resolution also provides unique opportunities

for quick non-destructive identification of a substance with

extremely low concentrations. In addition, the scope of

application of such instruments includes the terahertz mi-

croscopy, study of semiconductor emitters, security systems,

medicine, etc. To observe narrow nearby weak lines

(signals) from fast flowing processes, high-sensitive and fast

receivers are primarily required. At frequencies higher than

1.3 THz, only HEB mixers based on ultrathin NbN films

ensure the required sensitivity.

1. Manufacturing process

The key aspects of the process compared with those

described previously in [5,6] included a special Si substrate

surface preparation process, besides the optimization of the

NbN film deposition by critical temperature Tc and film

thickness h. This process allowed to obtain NbN film

with homogeneous thickness. in situ deposition of 20 nm

Au layer with the NbN film for formation of the THz
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Table 1. Stages of quasi-optical NbN HEB mixer manufacturing process shown in Figure 1

.

Stage Stage content

a In situ application of two-layer NbN-Au

structure by the reactive magnetron sputtering method

b Manufacturing alignment marks for photo and electronic

lithography

c Gap formation in Au by the electron-beam lithography method,

ionic and chemical etching method

d Formation of spiral antenna interior by the

electron-beam lithography method

e Formation of spiral antenna exterior by the

photolithography method

f Formation of a protective SiO mask for ionic and

plasma-chemical field etching of NbN-Au

g Ionic and plasma-chemical field etching of NbN-Au

antenna interior allowed to control contact resistance of the

NbN HEB mixers with the antenna. Before deposition of

the NbN film, the Si substrate with orientation 100 was

cleaned in oxygen plasma during 5min at 150W with

following etching in HF :H2O (1 : 30) during 30 s. The

substrate temperature during deposition could vary from

25 to 350−450◦C. Optimum thickness, critical temperature

Tc and critical current density jc were obtained with the

following NbN deposition process parameters: substrate

temperature — 400◦C, partial pressures of Ar and N2 —
5 · 10−3 and 8−12 · 10−5 mbar, respectively, discharge cur-

rent and voltage — 300mA and 300V. NbN deposition

after substrate cooling to 300◦C was followed by in situ

application of the Au layer. The NbN film deposition

rate at the defined process specifications depended on

the measurement of relation between film thickness that

sputtering time. Like the NbN film thickness, the Au

thickness was controlled by the deposition time on the basis

of obtained deposition rates. Stages of quasi-optical NbN

HEB mixer manufacturing stages are shown in detail in

Figure 1 and in Table 1.

Typical dimensions of bolometers or superconducting

bridges of the NbN HEB mixers varied within 0.1−0.4µm

in length and 1−4µm in width. SEM photograph of the

central part of the spiral antenna is shown in Figure 2.

With normal resistance per NbN film square

R� = 500−600�/� (at NbN thickness of 3.5−4 nm), the
bolometer length-to-width ratio L/W was equal to 10.

Figure 2 shows the colored SEM photograph and schematic

image of the NbN HEB mixer section. The mixer is

composed of superconducting NbN film connected to Au

ports of the planar antenna on the dielectric Si substrate.

The detector design includes the open part of NbN film

between the antenna arms — NbN bridge with set width W
and length L and two-layer structure of the NbN/Au antenna

port. The NbN film under and near the Au contact has a

lower critical temperature (Tc)2 than the NbN bridge (Tc)1.

2. DC measurements

DC measurements included the measurements of the

NbN HEB mixer resistance vs. temperature R(T ), critical
current jc, residual resistance Rres. The NbN HEB mixer

was installed in a copper holder at the end of an immersed

helium insert made from stainless steel and placed into STG

40 Dewar vessel. The NbN HEB mixer resistance was

measured in a four-point pattern using a precision low-noise

stable current source and Solartron microvoltmeter. The

four-point pattern is used to exclude lead wire resistance

from the measurements. The temperature was measured

by a calibrated diode silicon thermometer attached to the

holder as close to the specimen as possible in such a way

as its temperature was equal to the specimen temperature.

Due to cleaning of the Si substrate surface, specimens

with (Tc)1 spread of max. 0.15K. For comparison, the

in situ process without special surface preparation describe

herein gives (Tc)1 spread of about 1K. Figure 3 shows

the family of R(T ) specifications of the NbN HEB mixers

made using the optimized route. The obtained proximity

of (Tc)1 for the prepared set suggests that they can operate

as a single direct detector with a single common physical

temperature or as a heterodyne detector with the same

heterodyne power at each pixel inlet. In the early studies,

the NbN film under the metal of antenna Au ports was

cleaned in Ar- and O2-plasma [5]. This process minimized

the contact resistance between NbN and Au and limited the

spread of normal resistances of the detectors with setL/W to

the minimum value of max. 2�. The study uses, instead of

contact cleaning, 20 nm Au layer deposited in situ with the

Technical Physics, 2024, Vol. 69, No. 7
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Figure 1. Stages of quasi-optical NbN HEB mixer manufacturing

process. Explanations for the content of stages in Table 1.

NbN film — contact with the planar THz antenna. Quality

of the electric contact between NbN and Au explains the

appearance of the second junction on R(T ) due to the

proximity effect. NbN HEB resistance at (Tc)1 < T < (Tc)2
is integrated into the superconducting NbN bridge and is

provided by the conversion of the normal electron current

at a length approximately equal to the coherency length ζ

into the Copper pair current, its value is defined by W, ξ

and surface resistance of the NbN film at T slightly higher

than (Tc)1.

(Tc)2 of the HEB mixer indirectly indicates a thickness of

the deposited NbN film. Besides the additional resistance,

the charge carrier conversion process results in coordinate

dependence of the order parameter at T near (Tc)1, which

may result in smearing of the superconducting transition

of the NbN bridge, increase in 1(Tc)1, and finally reduces

dR/dT of the detector. Thus, for HEB made without

cleaning NbN under the metal of Ti/Au ports of the

antenna, the second transition was absent and 1(Tc)1 was

0.2−0.3K compared with 1(Tc)1 1.5−2K for samples

prepares using cleaning and in situ process. In this case,

the specimens made without cleaning had high contact

resistance about 25−30� and, therefore, had much higher

noise temperature.

Figure 4 shows the CVC family of detector 2026 2#9 for

the set of substrate temperatures from 5K to T > (Tc)1 of

the NbN HEB mixer. Figure 4 may be also interpreted as

the evolution of characteristic IV of HEB in transition from

S′SS′-state when the NbN bridge and NbN/Au layer of the

antenna are in the superconducting state to the NSN state

70 nm Au

20 nm Au

Cr

L

W

N
b
N

/A
u

b
il
a
ye
r NbN

NbN/Au

multilayer

Figure 2. Appearance of the NbN HEB-mixer integrated into the

planar spiral antenna. Arrangement of the layers composing the

mixer interior, NbN and Au film interfaces of the planar antenna.
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Figure 3. R(T) characteristics of the HEB mixers made by in situ

technique with Au on the prepared Si substrate. superconducting

transition near 8.5K belongs to the NbN film in the bridge

center between interfaces. The second transition belongs to

the NbN film under the in situ Au of the antenna. resistance

after the first transition suggests the presence of two suppressed

superconductivity regions in the NbN bridge near the normal

metal (in situ Au) of the antenna, the length of these regions

is approximately equal to the coherency length at the set T .
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Figure 4. CVC evolutions of the NbN HEB mixer in transition

from S′SS′-state when the NbN bridge and two-layer NbN/Au

contact are in the superconducting state to the NSN-state when

the NbN bridge is still superconducting and the two-layer NbN/Au

contacts are already in normal condition.

when the NbN bridge is superconducting and the NbN/Au

layer of the antenna is in normal state [8].

3. Noise temperature measurements

Noise temperature was measured at the heterodyne

frequency of 2.52 THz using the
”
cold“/

”
hot“ (77K/300K)

absolutely black body. submillimeter water vapor laser at

2.52 THz was used as the heterodyne radiation source..

At the mixer inlet, the heterodyne radiation power was con-

trolled by a motor-operated quasi-optical polarizer formed

by a metal grid with 25× 500µm mesh. using a 3.5µm

mylar beam divider, the heterodyne radiation was combined

with the black-body radiation.
”
Ecosorb“ was used as a

black body. Transmittance of the beam divider was 97% at

2.52 THz.

The radiation was introduced into the helium cryostat

through the 50mm window made from 0.2mm HDPE.

The window transmittance was 80%. After the IR filter

from Zitex 106 attached to the cryostat nitrogen screen

and the bandpass IR mesh filter on the helium screen,

the radiation fell onto an elliptical silicon lens. The mesh

filter was made from Ni mesh with a period of 100µm.

The total transmittance of the filter system was 90%. The

elliptical lens used in the setup had no antireflection coating,

therefore, it induced additional reflection loss of about

25% due to the difference of silicon−vacuum refraction

indices. Using the elliptical lens of 10mm in diameter,

radiation was collected into the Airy spot on the planar

antenna of the mixer. The lens with the mixer was

secured in the mixing unit thermally connected to the

cold plate of the helium cryostat. The mixing unit was

made from oxygen-free copper. The planar antenna of

the mixer blended smoothly into the 50 Ohm coplanar

line. The intermediate frequency (IF) signal was removed

using a flexible 50 Ohm coplanar line with SMA high-

frequency outlet connector. Then the IF signal arrived

to the offset adapter with 1−10GHz band. The adapter

was used to provide DC offset of the specimen in the

voltage generator mode and to transmit the IF signal to the

cooled amplifier input, noise temperature within 1−7GHz

was maximum 10K. The IF signal was output from the

cryostat via the coaxial line and additionally amplified by a

stage at room temperature. Secondary amplification used

two types of amplifiers optimized to different frequency

bands depending on the problem to be solved. After

the first
”
warm“ amplifier, the signal passed through the

adjustable bandpass filter with a bandwidth of 50MHz and

variable bandwidth of1−10GHz. The output power of IF

was measured using a square-law semiconductor detector

with a volt-watt sensitivity of 1000V/W, the signal from the

detector was recorded by the microvoltmeter and processed

using the fast Fourier transform algorithm. The cold load

radiation was simulated by the room temperature load at

12.5 Hz. For high temperatures and low frequencies in the

Rayleigh−Jeans approximation when the spectral density of

the black body is proportional to its physical temperature,

the noise temperature is calculated through the Y -factor
using equation

Tn = (Thot + Tcold · Y )/(Y − 1),

where Thot and Tcold are the hot and cold load temperatures,

respectively, Y is used to expressY -factor that is equal to

the ratio of the mixer output power with input hot load to

the mixer output power at cold load. Y -factor in case of

the modulation measurement technique is defined from the

Fourier transform spectrum as

Y = (U− + K ·U )/(U− − K ·U ),

where U− is the detector voltage at zero frequency, U is

the detector voltage at modulation frequency, K is defined

by the signal shape. At square-wave pulses, i.e. when the

mixture aperture is much lower than the modulator blade,

K = π/4. In a more general case, when the pulse ratio

is 0.5, K is defined as the ratio of the Fourier’s series first

harmonic amplitude to the pulse amplitude.

Heat radiation power in noise temperature measurements

applied to the mixer inlet from the black-body load in the

Rayleigh−Jeans approximation is proportional to the load

temperature and receiver input bandwidth:

P load = kB · T · 1F,

where kB is the Boltzmann constant, T is the load

temperature, 1F is the receiver input bandwidth. This heat

radiation, if 1F is not limited in a special way, may cause

bolometric response of the mixer when
”
hot“ and

”
cold“

input loads are changed. The bolometric response results in

the shift of the mixer operating point on CVC synchronously

with the input load change, that in turn causes the change in

Technical Physics, 2024, Vol. 69, No. 7
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Figure 5. Dependence of the noise temperature of the NbN

HEB mixer on the NbN bridge length measured at the heterodyne

frequency of 2.52 THz. The mixers with the bridge length of

0.25 µm were made using the optimized process route. The

measured noise temperature spread with mean value 800K was

maximum 150K.

the conversion ratio and variation of the mixer output noise

unproportional to the load temperature. This effect is called

as the direct detection effect. When measuring the noise

temperature of the mixer, this effect has a negative impact

because it distorts the measured Y -factor. A cooled narrow-

bandwidth filter used in the system almost avoided direct

detecting and reduced its effect on the noise temperature

measurements to lower than 5%.

As mentioned above, the optical path of the mixer

consists of a polyethylene window, Zitex 106 broadband IR

filter, narrow-bandwidth Ni mesh filter and elliptical silicon

lens. The path components have loss L (times), and the

equivalent noise temperature of the component with loss L
at physical temperature T may be written as:

Tequiv = TCW(T ) · (L − 1),

where TCW(T ) is the equivalent temperature of the

black body that has temperature T calculated by the

Callen−Welton theorem [16]:

TCW (T ) = (h f /kB)/(exp(h f /kBT ) − 1) + h f /2kB ,

where h is the Planck’s constant, kB is the Boltzmann

constant, T is the physical temperature, f is the heterodyne

frequency. At relatively low frequencies f and high tem-

peratures T , TCW ≈ T , and the expression for the equivalent

noise temperature may be written as Tequiv = T · (L − 1).
Table 2 shows the measured loss factors, physical temper-

atures and calculated equivalent noise temperatures of the

optical path components of the mixer.

The nameplate noise temperature of the cold amplifier

at 15K is equal to 8−10K in the amplifier operating

bandwidth. The noise temperature of the total IF cold

path, including the magnetic gate with 50 Ohm load, offset

adapter and amplifier, is about 35K. Taking into account the

cold amplifier gain of 35 dB, the IF path noise temperature

may be neglected.

Thus, the total optical path loss was 3.17 dB with

equivalent noise temperature 96.6 K.

To estimate intrinsic conversion loss of the mixer during

the experiment, the U-factor was measured. The U-factor

is numerically equal to the ratio of output noise when the

mixer is in the operating point with 300K input load to

the output noise when the mixer is in the superconducting

state, in this case the amplifier is loaded to the 50 Ohm gate

load. Expression for the U-factor may be written as:

U = (Tout + TIF + Tload)/(Tload + TIF),

where Tout = (Tn)mix + T∗

300η, (Tn)mix are intrinsic noise, η is

the total conversion loss of the mixer. TIF is the noise

temperature of the
”
cold“ amplifier, Tload is the 50 Ohm

load temperature. From the expression for the U-factor, the

internal noise temperature of the mixer can be expressed:

(Tn)mix = U(Tload + TIF) − (TIF + Tload + T ∗

300η).

Total conversion loss of the mixer are calculated as a ratio

noise temperature calculated in terms of the U-factor to the

measured noise temperature of the mixer

η = (Tn)mix/Tres .

50 Ohm load of the circulator was at Tload = 4.2K, noise

temperature of the
”
cold“ amplifier was assumed equal to

TIF = 10K. Tres = 800K and the U-factor equal to 3 were

calculated in the experiment with mixer 1178/1 #21 at the

heterodyne frequency 2.5 THz. Thus, the total conversion

loss η of mixer 1178/1 #21 is equal to 16.5 dB. Taking into

account the optic loss of 3.17 dB, the intrinsic conversion

loss is 13.3 dB.

The investigation of the fabricated NbN HEB mixers

at 4.5 K in S′SS′ state demonstrate the noise temperature

at the heterodyne frequency of 2.52 THz, Tn 800K with

spread 150K, and the mixer noise bandwidth was 7GHz.

Figure 5 shows the experimental dependence of the noise

temperature of the in situ mixer on the NbN bridge width.

Quite large noise temperature spread of about 1000K

for specimens from the same batch made using the non-

optimized film deposition and mixer manufacturing route

(with the same NbN bridge width) may be explained by

the NbN film thickness inhomogeneity on the substrate

and by the process influence on the NbN film during the

mixer manufacturing process. Figure 5 also shows that

the dependence has a clearly expressed valley. Unlike the

ex situ mixers, as the NbN bridge width is decreased,

the noise temperature of the test mixers decreases. This

continues up to the bridge width of 0.25µm, at this length

the minimum noise temperature of the mixer was 600K,

this batch was made using the optimized technique. The

noise temperature dependence trend in the NbN bridge

width area more than 2µm may be explained in terms

of the theory of homogeneous heating in superconductor.

Technical Physics, 2024, Vol. 69, No. 7
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Table 2. Loss factors, physical temperatures and equivalent noise temperatures of the optical path components of the mixer

Optical path component Loss factor Physical temperature Noise temperature

L, dB T , K Tequiv , K

Beam divider 0.3 300 21.5

cryostat window(HDPE) 0.9 300 69.1

Zitex IR filter 106 0.22 77 4

Bandpass mesh 0.25 4.2 0.25

Silicon lens 1.5 4.2 1.73

Because the heat removal factor G included in the Johnson

noise and thermodynamic fluctuation noise expressions is

in square-law dependence on the NbN bridge width, its

decrease shall result in reduction of the noise temperature

of the mixer, which may be seen in the right-hand part of

the curve. This suggests that the in situ mixers have no

noise temperature limits attributed to the contact resistance.

With further reduction of the NbN bridge width and,

thus, of its length, the noise temperature of the mixer

starts growing. Based on the theory representations the

noise temperature shall decrease with the width and, thus,

with the bridge volume by the law which is close to that

shown in the right-hand part of the curve. Sharp increase

in the noise temperature when the bridge width less than

2µm is achieved is not described in terms of the theory of

homogeneous electron heating in superconductors. Growth

of the noise temperature is possibly caused by the increase

in the contact resistance between the bridge and planar

antenna ports due to the contact area reduction. This result

may be used as one of the contact quality criteria for the

in situ HEB mixer manufacturing process. The second,

more probable, explanation is in that the bridge length with

its width approaches the diffusion length in NbN. In this

case the electron that has absorbed a high-energy photon

without interaction with other electron goes to the bulk

metal contact without changing the electronic temperature

in the bridge. And the excited electron is not involved in the

mixer response to the signal emission. If this assumption

is true, then, besides the useful signal loss, operation of

the additional diffusion cooling channel of the electronic

subsystem shall also affect the required heterodyne power.

Anyhow, this issue is of research interest and requires

further targeted and more detailed investigations.

Conclusion

The study has experimentally defined optimum param-

eters of NbN film deposition to obtain 4−5 nm films and

the Si substrate cleaning condition. Au layer in situ

deposition with NbN film deposition ensured a stable and

low-resistance electric contact. The absence of a barrier at

the NbN/Au interface suggests the appearance of the second

superconductor transition depending on the R(T ) NbN

HEB mixers, in addition, the NbN HEB mixers made from

the same NbN film has almost identical R(T ). This ensures
the same required heterodyne power and offset voltage for

the specimens with identical dimensions L and W . The

optimum L and W of the NbN bridge with respect to

the noise temperature were 0.25 and 2.5µm. The noise

temperature of such NbN HEB mixers measured at the

heterodyne frequency of 2.52 THz had a mean value of

800K with spread 150K. Noise bandwidth of mixers at

T = 4.5K was equal to 7GHz. The intrinsic conversion

loss at 1.5GHz is 13.3 dB.
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