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IN A NUTSHELL
 Small satellite mission.

e Study composition and thermal
structure of Mesosphere — Lower
Thermosphere (50km to 150km).

* Least well known region of our
atmosphere!

* Gather missing data to improve
climate and weather models.

* Uses new THz detection technology. LOCUS EE-10 Concept on Astrobus platform
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* There is a clear cooling F .
trend in the MLT (-10°C). _ -7 250 l
ELL -5 130 © B
* Much stronger than the 0 .
Tropospheric warming sl 19 o L
+22C). o | | : |
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* We have no idea how s o o= N
much temperature change  s0—C — v T o
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is from an increase in afiuns fosg

greenhouse gases. [Solomon et al. 2018]
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* Measure and monitor a complex SyStem o o
to improve climate change knowledge. o o

2 400 km P particles
% = i
* Radiation ! ) Ty o+

e Current instruments (i.e. SABRE)
estimate cooling rates by measuring the

heat flux at infrared wavelengths. - __Chemisty -
Temperature Chem T Composition

* Above insufficient to understand Upper N\N\N\w; ransport Lowmhemosphm
Atmosphere climate change. Need the Waveb,eak,,,g W,,,d - 3esosphe,e
40 km pper stratosphere
abundance of O and should measure =48

temperature directly.

Troposphere

e Also want to measure the chemical
proxies of Space Weather forcing.
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* 4independent THz heterodyne radiometer channels (0.8THz, 1.15THz, 3.5THz and 4.7THz).
* Each channel targets key species — 02, NO, OH and O — with “3MHz spectral resolution.
* Ability to self calibrate via on-board hot and deep space cold targets.

* 4independent IR channels provide temperature measurement.

* Single highly integrated small satellite platform in sun-synchronous orbit at 800km altitude.

{ 100K Cooler ][ 300K ]
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tangent points Velocity vector
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e LOCUS (Supra-) THz heterodyne instrument only becoming viable now
through innovative (critical) UK technologies:

Quantum Cascade Laser (QCL) Miniature space Improved Schottky diode Compact, high-speed,
devices as a high-power source to coolers to provide & mixer manufacturing power efficient digital
pump heterodyne Schottky mixers QCL cooling (~70K) for THz frequencies spectrometers
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SSTL 150 Platform Airbus Astrobus Platform

Coolers Radiation Monitor

Receiver Shroud
HR Tx and LR Rx S-band
antenna

Double solar

i HR Tx and LR Rx S-band
panel (fixed) xan X S-ban

antenna

Secondary

. Mirror
Separation -
rin
g Primary
Mirror
K MLI tent
Star tracker
Body
mounted ptical Bench
solar panel

S-band monopole
MLI payload tent antenna

Y panel extension
(sun shield)

Payload panel

Star Tracker Camera
S-band patch antenna Unit

[SSTL 2014, ESA IOD Study] [Airbus 2018, CEOI EE-10 Preparatory Activities]
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» LOCUS Heterodyne process translates THz input signal to lower frequency.

» Objective: Raise Technology Readiness Level (TRL) of associated key components.

Power efficient miniature cryo-

Bright lines semiconductor
coolers: ~ 0.5W heat-lift at 70K. (Schottky) diode mixers can be |«
used — cooled or uncooled.
- Compact antenna (~0.5m dia.)
RAL Miniature Space Cooler - low mass structure required
for THZ & IR
\Af? % Intermediate Frequency\\\

(IF)

» Mixer

AtmosphericEmission
Lines

THz Signal > %

Heterodyne
Receiver System
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LO harmonic up-conversion or
direct generation via a QCL.

Leeds QCL in RAL Waveguide Cavity

RAL Space‘c\
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Example RAL THz Mixer

RAL 0.8 um dia.anode diode

Backend
Spectrometer

Samples IF and produces
signal power spectrum.

Star Dundee Spectrometer

JCR’

SYSTEMS

{m\ rsity of

HUDDERSFIELD




.
O
Q
@
(O
)
S
A

lechnolo

CIrItiCal




Optical image of mixer circuit with integrated
Schottky diodes. Anode dia. ~ 0.8um.

RAL Space
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1.15THz mixerblock 1.15THz Receiver

Receiver integrated into space cooler. Performance
enhancementrequired.

Needs smaller diode anodes - difficult fabrication
task.

Move to E-beam diode lithography demonstrated.
Anodes <0.5um dia. being developed.
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Radiometer Front-End

———"————_-—"——:'—-"I —————————————
Supra THz Supra-THz I|
Input Signal

Leeds developed 3.5THz and 4.7THz QCL devices.
Waveguide blocks with integrated feedhorns fabricated by RAL.

Schottky Barrier Il
Diode Mixer |:

Waveguide integrated QCL tested in a space cooler system.

I

|

| Frequency/Power
| Stabilisation

| System
I

|

I

|

Output power measured and 2D antenna measurements made.

A

Operational temperature and polarisation effects also studied at 3.5THz.

QCL Mounted into Waveguide Block QCL Block With Diagonal feedhorns at each end
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Radiometer Back-End
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 Dual feedhorn block + QCL cooled to ~65K.

e Scanning Golay cell used to measure dual output beams.
QCL bias modulated to reduce background effects.

* Images: a) simulation, b) dual feedhorn measurement.
* Suggests single waveguide (TE,,) mode of propagation.

Power [dB]
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* Beam profiles measured with reduced aperture Golay detector

(2mm dia.).

* Good agreement obtained with theoretical plotre. FWHM.

e Good Gaussian distribution.

RAL Space
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Dual Feedhorn QCL - Aperture 2mm - V=10V
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CEOI THz Breadboard
concept “1mx1lm.

Secondary

THz Receiver

Primary /

.

Y Position (mm)

oA

Mirror and breadboard supplied by UCL/MSSL @
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* Design and manufacture of
an elegant breadboard to
test:

* Optical bench.
* Mirrors + alignment.
* Radiators.

* Mini space cooler. R T FF F T FF ¢

* Performed Thermal Vac. Test - % “HEH |
‘ 2 im -'»-ﬁ-.ql A M‘

 Demonstrated cooler ~

)

The smallt err[nal nstabilitiesare atthe
boundaries of simulatedtransients. |
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operation and stability.
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TRL at Start of Phase 0 Phase A/B1 Phase B2

Quantum
Cascade Laser
Local Oscillators

Conventional
(Schottky) Local
Oscillators

THz Schottky

Mixers (<2.5
THz)

THz Schottky
Mixers (>2.5
THz)

Integrated QCL-
Schottky Mixers
(>2.5 THz)
WideBand High—
Resolution
Spectrometer

Infrared
Detectors

RAL Space

UNIVERSITY OF LEEDS

TRLA/S
The diodes are routinely operated in
the lab at compliant operating
temperatures and output power

TRL5/6

Operated in the lab as part of a
complete 1.15THz breadboard
radiometer. Similar technology up to
1THz has already flown (Herschel)
JRLS

Single diode mixers up to 2.5 THz
(Demonstrated in space
operationally by EOS MLS)
Subharmonic diode mixers (planned
for LOCUS) up to 1.1THz at TRL4/5
(exist in JUICE)

JRL3

For 3.5 THz and 4.7 THz

TRL3
4.7 THz

TRL 4/5 (alternatives available)
TRLA/S

Module has undergone laboratory
testing and field trials

TJRLS
Identical technology demonstrated
in space by SABER (same d rs

CEOI 10™ Call -Development
of QCL Stabilisation for 2THz &
3.5THz+
(Proposed) ESA GSTP for
4.7THz

ESA GSTP Funded Supra
THz Receiver Front End
Development
[Funded)

CEOI-ST 8t Call
LOCUS Instrument
Breadboard
(Funded)

System Ground Based
Thermal Vac Trial
(Proposed) CEOI 11t Call

Low Risk Technology

Candidates
for
Additional
Technology
Development
Funding

Component
Qualification

Low Risk Technology

and manufacturers)

TRL9
Astrobus-5 Standard Product

Low Risk Technology

*STAR Dundee QJ

[Airbus 2018, CEOI EE-10 Preparatory Activities]
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summary f —

 LOCUS, e.g. EE10, science justification established and community
engagement achieved.

* Mission concept defined with major payload and small sat. platform
attributes assessed (support from CEOI and ESA).

e Critical componenttechnology TRL advanced.

e Optical breadboard system developed and small cooler technology
evaluated.

* More work to do, e.g. full supra-THz receiver needs to be demonstrated,
inc. freq. stabilization, and integrated payload performance testedin TV.

* Flight opportunity (EE11?) needs to be acquired along with full additional,
e.g. Phase A/B1, funding.
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Thanks for Listening
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