Development and applications of terahertz
hot electron bolometers

G.N.Goltsman
Moscow State Pedagogical University

Outline

Introduction: Heterodyne receiver based ompgrconducting hot electron
bolometer (HEB) mixer, first applications in THz radioastronomy.

Overview of arrent HEB involved THz projects: GUSTO, DATES5, GREAT and
future HEB involving THz projects: Q&illimetron, Smiles.

NbNHEB mixer utilizing @aNbuffer layer: wider gain bandwidth

MgB, HEB mixer technology: 15K operation temperature and wider gain
bandwidth

HEB as a direct detector is a precursor of single photon detector
Superconducting Singkehoton Detector (SSPBpromotion of technology

for counting photons from IR to THz range: direct and heterodyne detection
Conclusions



Ultrathin superconducting NbN film as unigue material for
sensitive and fast THz and IR detectors and mixers

Technologyof superconductingultra-thin films of metalsand compoundsa few
atomic layers thick with high-quality crystal structure and superconducting

propertiesis developed
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Transmission electron microscopy of 4 nm tiKN film deposited on 36iC substrate. Transition

temperatureTc > 10Kand critical current densifig = 10 A/cm? correspond to the properties of the
bulk material, andallows us to produce planar nanostructures with unique properties.



SEM micrographs of the central area of HEB mixer chi
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10-meter the Heinrich Hertz
Telescope (HHT) on Mt.
Graham (Arizona, USA).
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First fully-resolved ground-based detection of a terahertz spectral line from an
astronomical source (CO 9-8 in Orion BN/KL) was obtained with the HEB
receiver (January 2000). The first ground-based heterodyne detection in the

terahertz band.
http://www.cfa.harvard.edu/srlab/rxlabHEB.htmi

http://www.cfa.harvard.edu/srlab/secure/rxlabTerahertzScience.html



From waveguide mixer chip to practical receiver
upto 1.5 THz and astronomical observation€mle =._ -"%

from an altitude of 5525 meters

p’-‘

Superconducting waveguide heaglectron
bolometer (HEB) mixeat 1.5 THz frequency

The Receiver Lab Telescopkthe Harvard
Smithsonian Center for Astrophysics the first
groundbased radio telescope designed for operation
at frequencies above 1 THz.

The 1.5 THz chip’s sizes are 72um  opservations since 2002 from an altitude of 5525
wide, 1100 um long and 18 um thick  meters in Chile at 0-8.5 THz



OurNbNfilms are spaceualified

Hot-Electron Bolometer (HEB) mixer
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Herschel Space Observatory launched, May 2009
HEB mixers in Bands 6 and 7 of the HIFI instrument: 1.41¢THZ1 THz
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Scontel products

2005is the year of Detection systems for terahertz radiation
foundation of _

ZSuperconductlng |

nanotechnolo
JSCFQconte)g

http://www.scontel.ru

TH7 Receiver based on
liquid helium cryostat

Scontel offers the fastest
Terahertz receivers available today.

SURICONMNCINY
nanetechnoelogy

Frequency range, THz 0.1-6 1- 12(40) 25100
Noise equzlv?lerrl%power (NE 57 i MBD i MHT MGy T MAHT WA 4pi WA
Response time, ns 1 0.05 1 0.1 1 0.1
Dynamic rangesW 0.1 50 2

Bandwidth of amplifier, MHz 0.01-:200 1-3500 0.01-200 1-3500 0.01-200 1-3500
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http://www.scontel.ru/

Balloon based telescope GUSTO by SRON

|
21 1.4THz and P 1.9THz HEB mixers

39 km above Antarctica
22 days flight in December 2016



GUSTO 2x2 array 1.4 THz by SRON

Films were fabricated
iIn Scontel MSPU
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DATES 5 m terahertz telescope at Dome A Soutl
pole by PMO

1400

<4 0.015

1200 +

HEBs operate at 1.4 THz |
Characterized at 1.3 THz ¢,,|
Uncorrected Tn ~ 600K £ w|
Corrected Tn ~ 300K a0t
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" H200 HEB mixer |

H200 HEB mixer chip

Films were fabricated in TEMimage of the HEB
Scontel MSPU microbridge



GREAT instrument operates on the Stratospheric Observatory for Infrar
Astronomy (SOFIA) in the range of 4427 THz by University of Cologne
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frequency  pixel number

(THz) T T T T
L1 125-152 | °© v oz 348
o IF (GHz)

L2 [.81 -1.91 1

M 24 .27 0 T, psgat 1.9THz of NbN mixer

H 4.7 1 _
LFA 1.83-2.54 2x7 _
HFA 4.7 1x7 r Arrays of HEB Mixers
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GREAT instrument: waveguide mixers, mounts
and THz matching

HEB based Low Frequency Array and High Frequency Array THz matching
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