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Atacama Large Millimeter/
submillimeter Array

International Project : EA, NA, EU (22 countries)
The number of antennas : 66 (12 mx54,7mx 12)

Angular Resolution : 0.01 arcsec (10 times better
than the Hubble Space Telescope)

Sensitivity : About 30 to 100 times better than
current radio telescopes.
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Array Operation Site (in Northern Chile-at 5000 m)
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=7 - Credit: ALMA (ESO/NA%J/NRAO)



Operation Support Facility (OSF)

At AOS (5000m)

Remotely operated from
OSF Control room (2900 m)
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\Band 5Em== Band 10 ® /

Band 2 is to be decided.

= ) | g Credit: ALMA(ESO/NAQJ/NRAO) Credit: ALMA(ESO/NAOJ/NRAO)
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http://alma.mtk.nao.ac.jp/j/multimedia/files/editor/2012sciencealma_0006.jpg

Highest resolution at Band 10

 Inversely proportional to diameter, D, of telescope
0 For ALMA (interferometer), D : Baselines

/1 @ :Angular resolution
 oc — ] :Wavelength
D D : Baselines or Dia. D

0 For ALMA, D, 18.5 km

Angular resolution (arcsec)
ALMA 0.007 (@0.95 TH=)
Subaru 0.1 (@IR)

Human 60
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MERDEi=RER E ALMADELER

HL Tau (&5LEHLE) . _
Resolution: 0.15 arcsecond (1.3 mm) Band 6 receivers
were used.

Credit: ALMA (ESO/NAOJ/NRAO)

CARMA
W. Kwon et al. 2011

100 AU

| &
|
2022 October 14 2550 RRL/CRL/NIC =




XXFE.

FEDSH5DSRADKN
INZEORAIRRGLER”
TRMTREEROREDEDN

1 1 590 1mm OH

2022 October 14

‘ ALMA Htﬁ

ALMASHME

U A AT
".gu'(l!r <|u%b

18 gt BF Lr16# BR5000mayp 4
13 WZ SNTE .:«DM

BXREDLETIERRETOT TS

FT201 3FE(CEAAULIZALMA (PILY) 1F,

FUDPINIBRICHEDEEH66EDT
THHERSEREEETI.CNSDTPY
TTRIXRTRIUERFICAWT, 2/ TK
sR1e0EEFELTIEE b<@,f§?:fﬁ
SHEVWSERBTT. BENRIFLE168
DPITTIEEIVIPLAMERDIToNTE
DBEEREREBO>TUVET, F/z, ALMA
ICIEVWASVWALEBRERETS10FRED
EBNHVEXT. COS58XKIT, BEFHM
NICHHE LT RZEH TSN /F10EES
2ENREEEDRMFEEHEYHLELE,

BEFHIZE

RRES
AR IR R B
MEARHTLLVEI3

-

S

ﬂiSOOOmU)?@?]V
BRICHDALMA

EHETJ"SH%bT Q{"&fl

(WWSIZAGT ~F10)

%508 RRL/CRL/NICTHIF<E



N&E

e EILRXEBIZDLT
« ALMAR SRR F2IEHDEF
— ALMAE ®=iGE
— INUR10Z{EHEBA S
o PEEIFTAMTDEAFE
— BizEEIES. BEEEEREIROEN

2022 October 14 508 RRL/CRL/NICTHIZ<E



ALMA/ (> R 10Z{EHIER

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 <4.0x 107
300 sec <3.0x10°
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)

CRLEFF X DMAEMNEREHKZEoT-DTIETGZLIM ?
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Appl Phys. Lett. 69, 2435(1996)
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A LOW NOISE NbTiN-BASED 850 GHz SIS RECEIVER FOR
- THE CALTECH SUBMILLIMETER OBSERVATORY

J. W. Kooi,! J. Kawamura,' J. Chen,* G. Chattopadhyay,’
J. R. Pardo,' J. Zmuidzinas,! T. G. Phillips,! B. Bumble,” J. Stern,”
and H. G. LeDuc®

"California Institute of Technology
320-47, Pasadena, California 91125, USA
Center for Spac;g Microelectronics Technology/JPL
Pasadena, California 91108, USA
*0n leave from the Research Institute of Electrical Communication
Tohuku University
Sendai 980-8577, Japan

Received June 29. 2000
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Proc. 11th Int. Symp. Space THz
Technol.
May 1-3, 2000

On the Grounds of
The University of Michigan
Ann Arbor, Michigan

QUASI-OPTICAL TERAHERTZ SIS MIXER

A.M. Baryshevl’z, B.D. Jacksonl, G. de Langel, S.V. Shitovz, N. Iosad"’, J.R. Gaol,
T.M. Klapwijk®

ISRON-Gmningen, Groningen, The Netherlands
*Institute of Radio Engineering and Electronics RAS, Moscow, Russia

3DIMES, Delft University of Technology, Delft, The Netherlands

Double slotline antenna mixer, 2.5 K bath temperature
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State-of-the-art Ty, vs ALAM Spec.
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(Before our work)
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ALMA Band 10 Spectral Survey of NGC 6334 |

877000 878000

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 spectrum =

McGuire et al. (2018)
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Use cases of terahertz wireless

communications

KIOSK In-door Wireless LAN Short-range fixed

downloading wireless access

" 5W at W-band

280 290
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Up-conversion Down-conversion

— W

Microwave Millimeter-wave Microwave

(IF) (RF) ‘ (IF)
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SIS mixer f SIS mixer
(Up-conv.) L0 (Down-conv.)

Local Oscillator
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Up-conv. gain

Input

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

Conversion gain in mm-wave quasiparticle heterodyne mixers

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.
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» Quantum computing application?
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