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Åʋʣʴʪʨʘʪʦʥʢʘʷ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʘʷ NbN ʧʣʝʥʢʘ ʢʘʢ ʫʥʠʢʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʪʝʨʘʛʝʨʮʦʚʳʭ ʠ ʠʥʬʨʘʢʨʘʩʥʳʭ ʜʝʪʝʢʪʦʨʦʚ.

Åʉʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʡ ʙʦʣʦʤʝʪʨ ʥʘ ʛʦʨʷʯʠʭ ʵʣʝʢʪʨʦʥʘʭ(HEB) ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʪʝʨʘʛʝʨʮʦʚʦʡ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʠ.

Åʉʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʡ ʙʦʣʦʤʝʪʨ ʥʘ ʛʦʨʷʯʠʭ ʵʣʝʢʪʨʦʥʘʭ(HEB) ʢʘʢ ʧʨʷʤʦʡ ʜʝʪʝʢʪʦʨ;

Åʉʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʡ ʦʜʥʦʬʦʪʦʥʥʳʡ ʜʝʪʝʢʪʦʨ (SSPD) ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʠ ʪʝʨʘʛʝʨʮʦʚʦʤ 

ʜʠʘʧʘʟʦʥʘʭ.

Åʆʜʥʦʬʦʪʦʥʥʳʡ ʥʘʥʦʚʦʣʥʦʚʦʜʥʳʡ ʜʝʪʝʢʪʦʨ ʜʣʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʧʪʠʢʠ.

ÅSSPD ʢʘʢ ʦʜʥʦʬʦʪʦʥʥʳʡ ʩʤʝʩʠʪʝʣʴ ʜʣʷ ʛʝʪʝʨʦʜʠʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.

Åɿʘʢʣʶʯʝʥʠʝ



.

Ultrathin superconducting NbN film structure

NbN on 3C-SiC buffer layer on Si substrate (HREM)

SiC

NbN

GlueÅNbN is monocrystalline
Åa0 (3C-SiC) =4.36Å
Åa0 (NbN)=4.39Å

ÅThickness is 3.5 ï4.1 nm 
ÅNot really flat surface

J.-R. Gao, G. Gol'tsman, B.Voronov, et al, APL (2007)

NbN on Si substrate

The NbN on Si is 

polycrystalline.
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SEM micrographs of the central area of HEB mixer chip

0.2 mm
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Our NbN films are space-qualified

Herschel Space Observatory launched, May 2009

HEB mixers in Bands 6 and 7 of the HIFI instrument: 1.41 THz ï1.91 THz

200 nm

Hot-Electron Bolometer (HEB) mixer
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Detection of electromagnetic waves
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HEB mixers in radio astronomy: 
now and future

Millimetron
10 -m diameter space telescope
HEB for 1 -6THz heterodyne receiver

The GBW of the HEB - based HIFI receiver
does not exceed 4 GHz. 

Need more for future heterodyne
missions ï8 GHz and more .

HERSCHEL
ÅLaunched in 2009 
Å3.5 -m diameter space telescope
ÅHEB for 1.41 ï1.91 THz
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From waveguide mixer chip to practical receiver 
up to 1.5 THz and astronomical observations in

Chile from an altitude of 5525 meters

The Receiver Lab Telescope of the 
Harvard - Smithsonian Center for 
Astrophysics is the first ground -based 
radio telescope designed for operation at 
frequencies above 1 THz. 

Observations since 2002 from an altitude 
of 5525 meters in Chile at 0.8 -1.5 THz

Superconducting waveguide hot -
electron bolometer (HEB) mixer at 
1.5 THz frequency

The 1.5 THz chip's sizes are 72 um wide, 
1100 um long and 18 um thick


