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ltem Specification
1. Observation frequency | 787-950 GHz (above the gap freq. of Nb!!)
2. Cartridge IF output 4-12 GHz for DSB
3. Receiver noise < 230 K (5 hf/kg) (over 80% of 787-905 GHz)
performance < 344 K (full band)
4. IF ripple < 4.0 dB/2 GHz, <6.0 dB/8 GHz
5. Gain compression < 5% between 77 and 373 K
6. Amplitude stability 0.05 and 100 sec <4.0 x 107

300 sec <3.0x 10
7. Signal path stability < 3 degree/5 minutes

8. RF aperture efficiency |> 80% at the subreflector

9. Beam squint separation | < 10% FPBW on the sky
10. Polarization efficiency |> 99.5% (23 dB)
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junctions

Yoshinori Uzawa, Zhen Wang, and Akira Kawakami

Kansai Advanced Research Center, Communications Research Laboratory, Ministry of Posts
and Telecommumications, 588-2 Fvaoka, Feaoka-cho, Nishi-Ku, Kobe 651-24, Japan
(Received 26 January 1996; accepted for publication 7 August 1996)

We demonstrate low-noise heterodyne mmxing with NbN/AIN/NbDN tunnel junctions in the
submillimeter-wave region. The prepared junction size was 1 um in diameter and the current
density was about 20 kA/cm?, supplying a small @C Ry product (@C;Ry=3 at 300 GHz). The
mixer used a lens-coupled log-period antenna and an mtegrated tuning circuit which incorporated a
radial short stub tuner for resonating out the junction capacitance. The junctions showed good dc
I-F characteristics, excellent submillimeter-wave responses and sensitive heterodyne mixing
responses. From 254 to 350 GHz the average receiver noise temperature measured using the
standard F-factor method was about 250 K double sideband (DSB). The lowest receiver noise
temperature. 200 K (DSB). was obtamned around 303 GHz. © 1996 American Institute of Physics.

[S0003-6951(96)04242-8]

Superconductor—insulator—superconductor (SIS) mixers
with Nb/AlOx/Nb tunnel junctions are used for all applica-
nons 1 mullimeter-wave and submillimeter-wave radio
astronomy,’ because their ultralow-noise performance ap-
proaches the quantum noise limit—hp/Kp. =7 In these
widely used Nb SIS mixers, however. the noise performance
deteriorates rapidly at frequencies higher than about 700
GHz, which 1s the superconducting gap frequency of Nb s
AIl-NbN tunnel junctions with high gap frequency of about
1.4 THz, on the other hand are promising for the SIS mixers
operating in the submillimeter-wave region. According to
theoretical calculations by Feldman.” SIS junctions should
exhibit good mixing at frequencies up to twice the supercon-
ducting gap frequency, which 1s 2.8 THz for all-NbN tunnel
junctions

Another obstacle in the path to SIS mixers operating at
high frequencies is that tunnel junctions must have small
wC Ry products. This requires the junctions to have a very
small area and a very high current density. To obtain
wC Ry=>5 at 500 GHz. for example, the Nb junctions usu-
ally need to have an area of 1 2m” and a current density of
10 kA/em? ® while the NbN junctions need to have a critical
current density of about 20 kA/cm®. Thus, even though the
NN junctions have a high gap frequency there have been no
reports on their use in submillimeter-wave SIS mixers, be-
cause it is difficult to fabricate high-quality NbN tunnel junc-
tions that have a high current density. There are some reports
on SIS mixers with NbN/MgO/NbN tunnel junctions at the
millimeter wavelengths. The receiver double sideband (DSB)
noise temperature is 65—110 K at the 150 GHz band® 460 K
at 205 GHz.'” and 320 K at 216 GHz.!!

We have recently developed high-current-density NbN/
AIN/NbN tunnel junctions fabricated on MgO substrates.
The junctions have excellent Josephson tunneling properties
and submulhmeter-wave responses with a large gap voltage,
small gap voltage width, small subgap leakage currents, and
sharp photon-assisted tunneling steps at frequencies up to
762 GHz.""™ In this letter we present the first report on the
fabrication and testing of a quast-optical submillimeter-wave

Appl. Phys. Lett. 69 (16), 14 October 1996

HRYNDEL A T SISIRHE S ENF

Quasi-optical submillimeter-wave mixers with NbN/AIN/NbN tunnel

T LML T L | LI L | T

[ fir=1.5GHz 1
400 =

Ik
m;w«\/’ E

SIS mixer with the high-current-density NbN/AIN/NbN tun-
nel junctions. The results of systemartically investigating re- PN TP TN BPEE VR RPEN B PR PR R
cerver noise performance, using the ¥-factor method, from 0 250 SOO 350

254 to 358 GHz demonstrate that our NbN/AIN/NBN tunnel

junctions have great potential as submillimeter-wave SIS LD Frequency [GHZ]

TXETS.

Noise Temperature (DSB) [K]

In our experiments we used a quasi-optical structure em-

ploying a substrate lens to couple the rf radiation to the junc- FIG. 3. DSB moise temperature of the receiver as a fimction of LO fre-
tions. An optical micrograph of our mixer chip 1s shown in C T

Fig. 1. On 2 0.3-mm-thick single-crystal MgO substrate, two quency. (No data were obtained below 254 GHz because no LO source was
NbN/AIN/NBN junctions in series were integrated with a available )

single-crystal NbN planer self-complementary log-periodic
antenna and Nb tuning circuits. The procedures for fabricat-
mg the junctions are deseribed in Ref. 12. The substrate was
clamped on the back of a 3-mm-radus hyperhemispherical
MgO lens 1n an oxygen-free high-conductivity (OFHC) cop-
per block. To avoid the excessive insertion losses associated
with dielectric lenses. an offset parabolic mirror was placed
at the proper position in front of the MgO lens. The antenna
had a frequency-independent impedance of about 80 () over
several octaves. The tuning circuit incorporates a radial short
stub tuner and a A/4 impedance transformer. The tuning cir-
cuit was designed for @C;Ry=4 at 300 GHz, using a spe-
cific capacitance value of 70 fF/ um? estimated by measuring

- T
ot e D JPL. SRONTZE N A S TNDN

integrated funing circuits are fabricated with a self-complementary log-

rp s ERITETE = A2 DB R AR S

0003-6951/96/69(16)/2435/3/510.00 @ 1996 American Institute of Physics 2435 1 8
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ALMA Band 10 Spectral Survey of NGC 6334 |

ALMA Band 10

L ——
CH,OH

34 Herschel HIFI (inverted)

Frequency (MHz)

e Spectral survey of NGC 6334

e North-south bipolar outflow seen in HDO and CS

e Rich chemical structure not readily seen in beam-diluted Herschel spec \
McGuire et al. (2018) .
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Activities for high-speed wireless
communications
° Wideband downloading wireless access

communications
° ngh frequenCy Use cases of terahertz wireless
' 6
* High S/N ratio §% o
* Multi-channels
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SIS down- and up-converters

e Frequency down-converter

SIS mixer

Millimeter-wave
(RF)

Miczfg‘;a"e Application:
Radio astronomy
Global environmental
monitoring, efc.

Local Oscillator
(LO)

e Frequency up-converter

_ SIS mixer -
Microwave Millimeter-wave

IF RF
(7) Jre fie (RP)

fio Application: ??7?

Local Oscillator
(LO)
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Combination of up/down converters

Up-conversion Down-conversion

Appl. Phys. Lett. 36, 777 (1980)

. ‘ ' ‘ Conversion gain in mm-wave quasiparticle heterodyne mixers

Microwave Millimeter-wave Microwave

(IF) (RF) ‘ (IF)
fir ngF=fLoiﬁ;$ fie

SIS mixer f SIS mixer
(Up-conv.) L0 (Down-conv.)

Local Oscillator
(LO)

T.-M. Shen and P. L. Richards
Department of Physics, University of California, Berkeley, California 94720

R.E. Harrisand F. L. Lloyd
National Bureau of Standards, Boulder, Colorado 80303

(Received 4 February 1980; accepted for publication 27 February 1980)

We report the observation of heterodyne mixing in superconductor-insulator-superconductor
tunnel junctions with significant conversion gain and with a noise temperature comparable to the
photon noise limit. (Double sideband L ~' = 1.40 + 0.14, T, £ 1.5 K at 36 GHz.) The mixing
arises from the strong nonlinearity in the quasiparticle tunneling currents at voltages comparable
to the full energy gap. Gain is observed when the onset of quasiparticle current is sufficiently
sharp that quantum effects are important. The observed gain is in good quantitative agreement
with calculations based on the work of Tucker. It should make possible the construction of
photon-noise-limited microwave heterodyne receivers.

Up-conv. gain Down-conv. gain Microwave Signal

Yy

Input

- .

Output

) could be amplified
with low power

fs fioxfs fs

fiofs

B . consumption (<1
uW?).

24



NaCs Latest results
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