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Heterodyne  Receiver Specifications For AtLast
(by AtLAST team)

1) Heterodyne receiver focal plane arrays 

• ~ 1000 feeds and 

• spectral resolution R~106  or 107 (< 1 km/s). 

• Bands likely 70-116 GHz, 200-400, GHz, 580-720 GHz, and 850-
950 GHz 

• with IF ≥32 GHz instantaneous bandwidth.

2)     Single beam, multi-band receivers for mmVLBI and EHT campaigns
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AtLAST bands and 
atmospheric 
transmission

ALMA bands and 
atmospheric 
transmission



Instantaneous Receiver Bandwidth; 32 GHz

ALMA Wideband Sensitivity Upgrade
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Rich Heritage of Heterodyne Receivers 
and Array Receivers

Herschel
Spitzer

Blast, STO, 
Gusto

SOFIA

ALMACSO, JCMT, SMA

7

UpGREAT, 7 x 2 pixel

GUSTO, 8 pixel

SuperCam 8 x 8 
pixels, far-IR
X 8000, Uni. of 
Arizona, USA



Previous Heterodyne Array Rx

Graf et al. 2015

CHAI; CCAT/FYST

upGREAT

IRAM 

10 pixels

1 THz



Large?
50m dish → single beam 2’’ @690GHz (430m)
FoV 1 →  810 000 pixels

Largest to date         64  pixels

Requirements for Large Heterodyne Array Rx

~4 orders of mag!





• Efficient : tint  , tint ~ Trx
2 

Requirements for Large Heterodyne Array Rx



upGREAT, SOFIA – 2 x 7 pixels

• 1830 - 2070GHz (/2500GHz)

• SOFIA

Risacher et al.



• Efficient (tint  , tint ~ Trx
2 )

• Cost  25kEuro/pixel (Graf) + time!

Requirements for Large Heterodyne Array Rx



• Efficient (tint  , tint ~ Trx
2 )

• Cost
• Simplified structures for fabrication

Requirements for Large Heterodyne Array Rx



Horns: corrugated ---> 
•  smoothed walled

•  pyramidal, pyramidal with 
smooth walls

•  pressed
•    Silicon horns 
•  flat lenses
 

Some ideas to simplify

Delorme, Valentin
Gibson et al. 

Gao et al.
Defrance et al.
Sauleau et al. 



LO beam divider:
•  in waveguide

•  phase gratings 
• or integrated LO

Some ideas to simplify

JPL, The 500–600-GHz spectrometer front 

end, with a close-up of the heart of the 
instrument showing all the silicon 
micromachined waveguide structures.

upGREAT team



Horns: corrugated ---> 
•  smoothed walled
•  pyramidal, pyramidal with 

smooth walls
•  pressed
•    Silicon
•  flat lenses

LO beam divider:
•  in waveguide
•  phase gratings 

Some ideas to simplify
Mixers:
• Compact mixer bias, shared B
• Multimixer array on single 

waver
Rx on chip

IF Cabling: 
• Multiline
• Superconducting
• Microstrip or Stripline

E.g. See Radioblocks



SuperCam, HHT - 64 pixels

• 320 – 360 
GHz on HHT

• Monolithic 
block with 
horns

Groppi, Walker 
et al.  U of 
Arizona



Chai, CCAT - 64 pixels

490, 810 GHz 

NOTES: 

  

We present the design of the new dual color heterodyne 

focal plane array receiver CHAI, which is being built for 

the CCAT-prime telescope [1], under construction on Cerro 

Chajnantor in Chile. 

CHAI is a 64 pixel SIS receiver operating simultaneously 

in the 650 µm and 350 µm atmospheric windows. Its 

primary scientific purpose is extended mapping of galactic 

sources in the important astronomical transitions of these 

frequency bands: CO J=4→ 3 (460 GHz), [CI] 
3
P1→

3
P0 

(492 GHz), CO J=7→ 6 (807 GHz) and [CI] 
3
P2→

3
P1 (809 

GHz). 

 

 
Fig. 1.  Layout of CHAI’s focal plane unit. It consists of a 

feedhorn block followed by 16 mixer blocks containing 4 mixers, 

each and their respective LNAs. The space between the LNAs is 

used for the LO signal distribution. 
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The two bands of the instrument are split by polarization 

and use two mostly identical separate cryostats. Each of 

them houses a subarray of 64 on-chip balanced SIS mixers, 

modeled after the design of [2], together with their 

respective low noise amplifiers (LNA). A system of 

waveguide splitters distributes the local oscillator (LO) 

signal and couples to the second waveguide port of the 

mixers. 

The 64 mixers of each subarray are packaged in 16 

identical split-block mixer units, each combining four 

balanced mixers with their feedhorns and the LO 

distribution. The LNAs are individually packaged and 

connected to the mixers through coaxial cables. 

Cryogenic cooling of the instrument is provided by 

closed cycle pulse tube refrigerators. Each of the two 

cryostats contains two cold heads, one of which is 

exclusively dedicated to the mixers and the second one to 

cooling the LNAs and the 4K radiation shield. 

The IF band extends from 4 to 8 GHz, and is processed 

by a straight through amplification chain without a second 

mixing stage. This IF band can be analyzed directly by the 

upcoming new generation of digital Fourier transform 

spectrometers [3]. 

The purely reflective optical system of CHAI uses 

mostly warm components except for a pair of cold mirrors 

inside each cryostat needed to funnel the array beams 

through the cryostat windows. The main challenge in the 

optical setup is to bridge the long beam paths in the 

telescope with a reasonably small beam cross section. In 

addition, part of the optics has to be retractable to provide 

access to the telescope focal plane for the other instruments 

on the observatory. 
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IRAM – Alhambra, 49 pixels; 230 GHz

Fontana, Maier et al.; 
IRAM



CHAMP+, APEX – 2x7 pixels; 690, 810 GHz

Güsten et al.



CHAMP+ – 2x7 pixels; 690, 810 GHzHeterodyne array in Nobeyama/NAOJ

7BEE (72-116 GHz) 
7-beam dual-polarization 2SB receiver with HEMT 

(Yamasaki+2024)

FOREST (80-116 GHz) 
4-beam dual-polarization 2SB receiver with SIS 

(Minamidani+2016; Nakajima+2019)

Integrated circuit (125-160 GHz) 
On-chip mixer for future multi-beam receivers 

under development at NAOJ Advanced Tech. Center 

(Shan+2018, 2019)

Installed on 45m, 

commissioning 

underway.

Huge IF chains!

~10 yr operations, gave a lot of results 

in the Galactic Plane survey " FUGIN"

↙  Feed horns

↙  SIS mixer

For future large-format heterodyne array, 

on-chip integrated circuit of SIS mixer is being 

studied and demonstrated for 2mm band.

Slide given by Tamura-san



• Efficient (tint  , tint ~ Trx
2 )

• Cost
• Simplified structures for fabrication

• Multiplexing
• In time – like CCD, 

• In frequency – like MKIDS 

--> Not possible

Requirements for Large Heterodyne Array Rx

JWST/MIRI 1024 × 1024 pixel Si:As detector array – 
mid-IR (106 spexels)



• Efficient (tint  , tint ~ Trx
2 )

• Cost
• Simplified structures for fabrication

• Multiplexing

• Dense packaging 2F ok

Requirements for Large Heterodyne Array Rx

Optics by Baryshev



• Efficient (tint  , tint ~ Trx
2 )

• Cost
• Simplified structures for fabrication

• Dense packaging 

• low energy consumption,
• low heat dissipation at cryogenic T
• small vol  
• Low weight  

• Reliability

Requirements for Large Heterodyne Array Rx

Get inspirqtion 
from space 
missions, e.g. 
Origins, FIRSST



• low energy consumption:   
• Critical elements: 

• Local oscillator; 2W/pixel with AMC

• Spectrometers: 7W/4GHz backend 

Limit required resources

LO and Mixer for SWI/JUICE
Observatory of Paris, C2N

Spectrometers for SWI/JUICE
MPS, Omnisys



• low heat dissipation at cryogenic 
temperatures:   

• Critical elements: 

• Low Noise Amplifiers, 1 to 2 mW

Limit required resources

Options: 
• InP
• SiGe
• Parametric 

SIGe Amplifiers, Bardin Parametric Amplifiers

InP Amplifiers, Gallego 



• Low volume & mass
• IF chains  → miniaturize

• Few, wide RF frequency bands

Limit required resources

R. Plume
U of Calgary







HERO/Origins

Improve on: 

• D – Dissipation

• P – Power

• S – Simplification

• V – volume

• M – mass

• R - reliability

D

M

R

S

V

P

D

P

P

S

V

M

M

R

V

Wiedner et al. 



• Efficient (tint  , tint ~ Trx
2 )

• Cost
• Simplified structures for fabrication
• Dense packaging 
• low energy consumption,
• low heat dissipation at cryogenic temperatures
• small vol and 
• Low weight
• Reliability
• Uniformity
• Research Groups

Requirements for Large Heterodyne Array Rx



Other aspects not discussed 
as they apply equally to single pixel heterodyne receivers

• (line) polarimetry

• IF bandwidth, e.g. ALMA upgrades, SMA wideband upgrade

• Receiver sensitivity, e.g. ALMA, NOEMA, APEX

• Calibration (accuracy)

• Multifrequency: dyplexed 

• Observing modes, e.g. for mapping 



Conclusion
100 pixels: today
1000 pixels:   cooling, power, size, mass starting to become acceptable
  largest challenges: time, cost (>25 M€) 
  FoV 0.03 deg; power >125 kW 
>1000 pixels: need breakthrough or lots of resources
Technological developments for larger arrays are ongoing
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