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# ' CIRAS Builds on the Success of Legacy Infrared Sounders;

Prepares for Future Operational Use

« Atmospheric Infrared Sounder (AIRS)
- Launched May 4, 2002 on the EOS Aqua Spacecraft JPL/BAE
- Grating Spectrometer, Active Cryocoolers, HgCdTe AIRS

- Highest Forecast Impact of Any Single Instrument
(tied with European 1ASI) s
ri> on

- Leading Data Set downloaded in Obs4MIPS for PSS
CMIP5 to Validate Climate Models

- AIRS expected to be fully operational beyond 2022

» Crosstrack Infrared Sounder (CrlS)
- CrIS on NPP and JPSS-1 and JPSS-2
- Similar Performance to AIRS

* CubeSat Infrared Atmospheric Sounder (CIRAS)
- NASA ESTO tech. demo. for IR sounding in a CubeSat (~$6M)
- Meets sounding requirements in the lower troposphere

* Future: Earth Observation Nano-Satellite Infrared (EON-IR)
- Reduce the cost of operational sounding (~$15M vs ~$200M)

- Gap mitigation in the event of a loss of CrIS on JPSS
- Can be used to add satellite soundings at new times
- Constellation compatible for improved timeliness

- Possible Extended spectral range to meet upper troposphere and/or atmospheric composition (12U)
- Operational Quality (>2 year mission life). Ppre-Decisional Information -- For Planning and Discussion Purposes Only 2



CIRAS Mission Overview

CIRAS is a technology demonstration mission to enable
hyperspectral infrared atmospheric sounding on a CubeSat

« Mission Objectives
- In-Space Technology demonstration for key infrared subsystems: JPL HOT-BIRD
IR Detectors, JPL Grism Spectrometer, Black Silicon Blackbody
- Demonstration of Mid-wavelength Infrared (MWIR) temperature and water vapor
sounding. Limited to mid to lower troposphere.
- All technologies will be advanced to TRL 7 at the end of experiment
* Implementation Summary
- 6U CubeSat (approx. 30 x 20 x 10 cm, <14 kg)
- LEO Sun Synchronous Morning Orbit (400 km — 850km)
- Minimum Mission Duration: 3 months
- JPL Payload Development, Ball Optics, Commercial Spacecraft
 Programmatic Summary
- Sponsored by NASA Earth Science Technology Office (ESTO) In-flight Validation
of Earth Science Technologies (INVEST) Program, Awarded 2015
- Design performed in collaboration with the NOAA Office of Projects, Planning, and
Analysis (OPPA)
- Selected on 2/18/16 for a launch opportunity by the NASA CubeSat Launch
Initiative . Launch No Earlier Than June 2018.




CIRAS is Subset of Legacy Sounders

Focus on MWIR for Temp, H20 in Lower Trop

AIRS IASI CriS CIRAS
Spatial
Orbit Altitude 705 km 817 km 824 km 450-600 km
Scan Range +49.5° +48.3° +48.3° +6.2°, +41.6°
Spatial Resolution 13.5 km 12 km 14 km 3 km, 13.5 km
Spectral
Method Grating FTS FTS Grating
Nominal Resolution 0.5-2.5 cmt? 0.5cm? 1.0-5.0 cm? 1.3-2.0cm?
0.4-1.0 um 4 n/a n/a n/a
1.0-3.0 um n/a n/a n/a n/a
3.0-5.2um 3.7-4.6 um (514) 3.6-5.2 um (3348) 3.9-4.6 um (632) 4.08-5.13 um (625)
5.2-8.2 um 6.2-8.2 um (602) 5.2-8.2 um (2814) 5.7-8.2 um (864) n/a
8.2-12.5um 8.8-12.7 um (821) 8.2-12.5 um (1678) 9.1-12.0 um (472) n/a
12.5-155um | 12.7-15.4 um (441) 12.5-15.5 um (620) 12.0-15.4 um (240) n/a
Total Channels 2382 8460 2208 625
Radiometric
NEdT @ 250K 0.07-0.7K 0.25-0.5K 0.1-1.0K 0.2K - 0.6K
Resources
Size 1.4x0.8x0.8m3 1.2x1.1x1.3m3 0.9x0.9x0.7 m3 0.1x0.2x0.3m3
Mass 177 kg 236 kg 165 kg 14 kg
Power 256 W 210 W 117 W 40 W
Max Data Rate 1.3 Mbps 1.5 Mbps 1.5 Mbps 0.32 Mbps




CIRAS Spectral performance comparable to

AIRS in MWIR

CIRAS Spectral like AIRS but Extends into Water Band CIRAS Information

1950 cm™*—-2450 cm™? Content Extends from
Av=16cm?, N, =625 Surface to 300 mb

T I | | Ts™ T T
Y
. Row Sum of Averging Kernel Hl
CIRAS Spectral Resolution Compared to Legacy Sounders o+ and HE
Degrees of Freedom of Signal H 1
3 T clras: -
o =1m Tatm DOFS =12.0 H I
® AIRS mn H20 DOFS =6.8 K "'
cris T crs: Tt DOFS = 145 ‘fr '
— mmmmmm Taim = X =
25 =@ |AS| 100 0 120 DOFS ~8.4 ’.p‘;
—8—CIRAS o H
® UKMet K :
Typical Radiance 3 Y
T / t :
= - ~ ",
E -E o - '..' "'-
= L - Te- i R
5 15 ) B ——, ~, :k - -
2 L 8 | — N 23
b= f a T = -
] 3 -
o P H 1 iy
1 o0 e © o ® o0 ~ o .. ;
L] ‘l
Fa
CO, for T(p) E“v
05 4 41
Water 4‘5‘
8- =
Vapor 4
0 ® ® T o
1820 2020 2220 2420 2620 a ?-% R
8 )] ]
Wavenumber (cm™) 1000 L_L 1 — _— !---5#
0.6 0.7 0.8 0.9 1.0 11 12

Row Sum of Averaging Kernel

Bill Irion (JPL)



CIRAS Payload Block Diagram
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CIRAS Instrument

Size 6U Cubesat
” JPL Mass 8.5 kg
&"_:\ Power 37.5W .
\g HOTBIRD Data Rate 2 Mbps Commercial
Detectors Spacecraft

JPL/BALL
Midwave Infrared
Spectrometer

IR Cameras
SBF193 Electronics

JPL MIDL Technologi Custom Detector
echnologies -
Scan Mirror Assy and Cold Filter Ricor K508 Cryocoolers

Commercial Stepper Mount + Elex
Motor + Elex ;

Immersion Grating Black Si.
Blackbody & Slit




CIRAS Spatial Requirements

comparable to AIRS, CrIS + Zoom

* Programmable Pixel Binning and Scan Rate Allow Global and Zoom Modes
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“EM & CIRAS Key Technologies to Demonstrate

JPL HOT-BIRD Detector
 CIRAS Demonstrates In-Space Key Technologies Required for

Hyperspectral Infrared Measurements

- HOT-BIRD Detectors (TRL 6): The new High Operating Temperature
Barrier Infrared Detector (HOT-BIRD) detector materials developed at
JPL provide superior uniformity and operability, higher operating
temperature, and lower 1/f noise with comparable performance as
HgCdTe at these wavelengths, and can be made at a significantly g%ﬁ/@ﬂi&iﬁj
reduced cost. in 1IP 2000 and 2007

- MWIR Grating Spectrometer (MGS) (TRL 5): The CIRAS MGS is a
high dispersion immersion grating spectrometer enabling IR remote
sensing of hyperspectral radiances with no moving parts, at low cost, in
a CubeSat package. To be built by Ball Aerospace.

- Black Silicon IR Blackbody (TRL 5): A cryo-etched silicon surface
that exhibits less than 0.2% reflectance across a broad spectral band

« Extensive use of commercial technologies Black Si.

Blackbody & Slit
- Camera electronics, scan motor and controller, cryocoolers,
cryocooler electronics, and spacecraft

» All technologies will be advanced to TRL 7 at the end of the
spaceflight mission




Wide Field of View: Allows wide swath
for slow scan

All refractive optics with multiple surfaces
enable good image quality across the
field and high spectral resolution

High degree of commonality.

Telescope uses same optics as

collimator

JPL Immersion grating: Reduces size of
spectrometer and reduces distortion
- Demonstrated in ESTO ACT

JPL Black silicon slit: Low stray light

Ball has history of development of wide
field refractive IR spectrometers for JPL,

ESTO and NOAA
SIRAS ESTO IIP-1 (JPL Lead)
SIRAS-G ESTO IIP-3
Wavelengths: 12-15 ym, 3-5 ym

JPL Immersion
Grating

Ball CIRAS
4.08-5.13um

Ball SIRAS
12-15 pm
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CIRAS Uses JPL High Operating Temperature (HOT)

Barrier IR Detector (BIRD) Technology

High performance Barrier IR detectors (BIRD) with continuously adjustable cutoff wavelengths
have been developed at JPL. Affordable HOT-BIRD-based MWIR (3-5um ) and LWIR (8-14 um)
FPAs routinely achieve high operability and uniformity.
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(a) Image taken by an MWIR FPA made from the BIRD material.
(b) Image taken by an LWIR FPA made from the BIRD material.
(c) Spectral quantum efficiency (no anti-reflection coating), photoluminescence, and QE vs bias (inset) of the BIRD
material used for the LWIR FPA
(d) Dark current characteristics of the BIRD material used for the LWIR FPA. 11



CIRAS will demonstrate an IR Blackbody using

Black Silicon in space

Black Silicon Uses for CIRAS:

« Blackbody Surface

- <2 cm Diameter (Max target size
manufacturable is ~5.5” diameter

wafer) Lithographically defined
. spectrometer slit with
) S_urfa(_:e IS rOngt under _ShOCk_/ black Si anti-reflection
vibration, and is compatible with surface fabricated for
liquid cleaning 0C02

 Entrance Slit

- Lithographically defined, precision
micro machined slit with smooth Black Si reflectivity < 0.2% for CIRAS
sidewalls

015

- Knife edge geometry with black
silicon anti-reflection surface
texturing for reduction of stray light

- Flight heritage: JPL instruments
utilizing slits of this type include:
HyTES, AVARIS, UCIS, HysplRI,
MaRS2, PRISM, NEON °
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CIRAS Noise Equivalent Differential Temperature (NEdT)

Comparable to Legacy Sounders

CIRAS & Legacy Sounders NEdT
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;"‘ AIRS 3D O, 12 Hr Over Poles Demonstrates
Value of Improved Timeliness

AIRS O, Isosurface, Sept, 2014

AIRS.2014.09.01

AIRS O3_VMR, 2014. Isosurface at 5 x 107 ppmv. Altitude Scale: 100, Altitude Offset:
10 km, Max Altitude (above which transparent): 18 km




‘“g“ & CIRAS is a team effort. Need science support

« JPL is demonstrating the CIRAS technology

Complete payload development

Define mission operations plan. 3 months in current plan

Complete spacecraft Integration and Test

Launch and acquire data. Very limited L1B, L2 processing

« NASA and NOAA are funding data assimilation studies at SSEC and
GMAO for MWIR-Only sounding

* CIRAS does not have a science team

- CIRAS represents an opportunity to demonstrate MWIR-Only sounding
using large format FPAs and has as a 3km mode.

- The CIRAS approach could save the government 100’s of Millions of $$
on future sounding measurements requiring higher spatial resolution

- Formation of a CIRAS Science Team would enable close scrutiny of the
data to establish its utility for science and weather applications
« Demonstrate retrievals using MWIR-Only in CIRAS bands
« Radiative transfer theory emphasizing MWIR-Only

« Science processes at higher spatial resolution
How long does the mission need to operate before we can justify a team? "



Summary and Conclusions

CIRAS is based on the sounding experience of AIRS, CrIS and IASI

CIRAS provides IR sounding using the MWIR with sensitivity to temperature
and water vapor profiles in the lower to mid troposphere

CIRAS can be used to mitigate a loss of operational IR sounders, add orbit
times and improve timeliness

CIRAS will demonstrate higher spatial resolution IR
sounding (3 km vs legacy capability of 14 km)

CIRAS to be built at JPL with Ball optics, and commercial technologies
CIRAS to procure a commercial spacecraft
CIRAS scheduled for launch in the 2019 timeframe

CIRAS is a pathfinder to a future operational mission, EON-IR enabling
legacy capability at a small fraction of the cost of today’s IR sounders

Further work is required by JPL and the community to make CIRAS a reality

Pre-Decisional Information -- For Planning and Discussion Purposes Only 16



