Large TeraHertz Arrays
for SOFIA
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rSOFIA Needs Large Heterodyne Arrays'



>3\ STO-2[CII] On-the-Fly Map of Carina Nebula
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- 4 SOFIA Focal Plane can support
i Kilo-Pixel Heterodyne Arrays: =
Increasing Science Return >10x =i
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mwﬂQw '-:_i_fff. Spect,:;;_l_Resolutlon is Key to Disentangling
i - Complex Lines of Sight

time 0.0000 /Users/ckulesa/Downloads /HEAT-DR1-G328.0-Cl. fits Fits
nbody : 343136
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THz Arrays: Why Now?
A Confluence of Technologies:

- Mixer technology
- LO technology

- Microfabrication
- [F amplifiers

- Digital signal processing



THz Mixer Evolution
(from 2010 SOFIA Asilomar)

Prototype: 2 THz Stacked

Linear Arrays @ 350 GHz
ca. 2010

SuperCam 8x8 Array




GUSTO Observational Objectives:
[CIl], [OI], & [NII] Surveys of MW and LMC

SO G LT 7 o A :
Dense (' “CO counterpart)

Diffuse (HI/'?CO counterpart)

25 sq. .degree
LMC Survey
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Silicon Lenses

2x4 [NIl]  2x4 [CII]
1.46 THz 1.9 THz

SRON



2x4 [Ol] HEB Array
Assembly at SRON
4.7 THz

Back of Array
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e f_" o ’  SRQN-‘,T:U_DeIft HEB detector array

NbN HEBs on 2x2 mm Si chip fabricated at TU-Delft.
* SiO, passivation layer to prevent oxidation.

« Spiral Antenna
. Same mixer works from 1 to 6 THz!
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Galactic/Extragalactic ULDB Spectroicopic Terahertz Obvservatory
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3
Phase Grating for GUSTO TU Delft

-
Designed, Modelled and Tested-Verified in TUDelft ) RON

1

),
O,

cooler

optics

Manufactured by Arizona State University
° ®13



Phase grating to produce uniform square flat beam LO illumination

for 32x32 pixels JAVAVAVAVAVAVAVAVAY
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Galactic/Extragalactic ULDB Spectroscopic Terabertz Obvservatory
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Noise @ constant Bias
@ different temperatures

GUSTO Cryogenic LNA Prototype (LNA#342)
Noise and Gain at Tambiant = 10K and 20K
Bias: 1.25V @ 4.2mA
04/19/2019
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“==="""" Flexible 0.3-4 GHz RF line: No more Cryo Coax!

Smooth bore SMP conn. Fliaht hardware 3

Measured prototype flex data
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GUSTO Autocorrelator System

« 24 X5 GHz OMNISYS

(Total 120 GHz)
« 24 576 Channels
e 75W
« 2.5kg
« 160 x 160 x 160 mm

INSTRUMENTS




Realizing a 1024 Heterodyne Array
with GUSTO Technology

Incoherent Quasioptical Approach

“POLARBEAR” focal plane array composed of antenna coupled bolometers
Arnold, et al. 2012.
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Microlens array technology is well developed
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MicroLens array

AMKID (KID) detector arrays (APEX)

S RON 'I,';U Delft Max-l.f’la?(frk-lnsti.tut

itute for Space Research Radioastronomie



Microstrip wiring for IF and DC wiring

Kilo-pixel TES for XIFU-Athena developed @ SRON using microstrip wiring
structures for k-pixles



Cost ($K)

Cost/Pixel vs. Size
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Walker et al. 2008



SOFIA Kilopixel Coherent Camera

Strawman Budqget

Mixers oM
LO’s S5SM
LNASs 1M
|F Boxes 1M
Spectrometer 5M
Cryo 1M
Mechanical 1M
Labor 4M

(KCAM)
Time Line
Detailed Design 0.5 yr
Component Fabrication 3 yr
|I&T 1yr
TOTAL TIME ~4.5 yrs

TOTAL COST $23|\/| <:z Leverages off GUSTO/STO NRE
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Summary

® Technological advancements now make it possible to

construct a Kilopixel Heterodyne Camera capable of
operation from ~1 to 6 THz.

® Such a camera would increase the science return of

SOFIA by more than an order of magnitude per flight
and could be constructed within 5 years.



