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NASA Science in the Near Infrared

= Near IR science allows
exploration of the cosmos and
offers insight into gas
compositions in the atmosphere,
and the health of vegetation,

= NIRSpec spectrograph on the
James Webb Space Telescope
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Spectroradiometer (MODIS) on = \*? B
Terra and Aqua satellites

= Moderate Resolution Imaging
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NASA’s ASCENDS Mission

SCENDS

Active Sensing of CO; Emissions over Nights,
Days, and Seasons (ASCENDS) Mission

Science Mission Definition Study
Draft
ASCENDS Ad Hoe Science Definidon Team:

Kenneth W. Jucks" Steven Neeck ? James B Abshire ” David F. Baker! Edward V. Browell’
Abbashek Chanq-lee,' Daad Cm?,‘ Sean M. Crowell® Scott Dennmg? Dont Hammerhng ¥
Fenton Hamison,” Jason J. Hyon, ™ Stephan R. Kawa," Bmg Lin, " Byron L. Meadows,"* Robert
T Mesges,” Amma Michalak,” Bernen Moors." Keith E Mumay,” Lesley E, O™ Peter
Rayner.™ Otlia I Rodnguezr ™ Andrew Schub ™ Yoschi Shiga ™ Gary D. Spiers,” James Skah
Wang, ™ and T. Scott Zaccheo ™

Apeil 15, 2015

Avail from:
http://cce.nasa.gov/ascends 2015/index.html

M :
easures — ~400 km polar orbit

- CO2 tropospheric column !
- 02 tropospheric column / _ +i dav is TBD
- Cloud backscattering profile i (time of day i )

clouds
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* NASA Carbon Cyole and
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ASCENDS 2015 Workshop

Home |  Agenda and Presentations | | @&d hoo Sclence Definition Team

ASCENDS Workshop
June 19, 2015
California Institute of Technology
This warkshop will be hedd after the 71th infernanonal Workshop on Greenhouse Gas Measusments from
Space at California Institute of Technology. Pasadena, Calfomia, USA, Friday. June 19t

View their weabsie for logistcal information: hips.ishes googhe com'silaiwggms 11

Réquirements for CO, Mixing Ratio:
Random error: ~1 ppm in ~100 km along track, or
~ 0.5 ppm in ~10 sec over deserts

Bias: < 0.5 ppm (< 1 part in 800)

Lower errors provide more benefit for flux est’s.



http://cce.nasa.gov/ascends_2015/index.html

Precision Spectroscopy Lidar

Measures: satellite

- CO2 tropospheric column
- O2 tropospheric column
- Cloud backscattering profile

clouds
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laser footprint dia ~ 100m
ground track speed ~7km/s

aerosols

Day
Earth

H ~550km altitude
/%un sync orbit
“ CO02: 1-1572nm DOAS

02 A=770nm
Clouds and aerosol: 3.=1064nm

« DIAL and IPDA LIDARs enable the determination of range-resolved concentrations
and column-integrated concentrations of a molecule, respectively.
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Two-way CO, transmittance
N L DL DL DL L

-20 -10 0 10 20
Frequency offset [GHZ]

CO2 has diurnal, vertical transport. Ideally a CO2 measurement is uniformly
sensitive to concentrations in the lower troposphere.

Sampling the sides of the line where the absorption is pressure-broadened in the
lower atmosphere allows measurement of a molecule under different atmospheric
conditions and concentrations.



System Overview
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Photonic Integrated Circuits

= Photonic Integrated Circuits (PICs)

Eliminate interconnect losses
Integrate built-in test capabilities
Reduced C-SWaP and complexity
Better electronic performance
Miniature references

CubeSats

Existing Technology

IMPRESS Lidar

Rack of equipment Photonic components

* Electronic amplifiers

Fully integrated PIC-EIC
* Photonic seed module
* PLL electronics

* Control electronics

* Electronic amplifiers

Footprint=18cmx 1.5cm

Compact all-fiber gas
reference cell




PIC Transmitter

= Photonic integrated circuit includes:
— C-Band Tunable SG-DBR Laser
— Semiconductor Optical Amplifier (SOA)
— Dual Drive Mach-Zehnder Modulator (MZM)
— Electro-absorption Modulator (EAM)
= Straight-forward non-coherent detection with a delay line interferometer

= RZ improves sensitivities of optically preamplified receivers over standard
DPSK.

| Clock

Differential
Encoder E@

Fridlander, et al., "Photonic integrated transmitter for space optical communications," Proc. SPIE 10910, Free-Space Laser
Communications XXXI, 1091026 (20 March 2019);



PIC Design

Monolithic PIC
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Photonic Integrated Circuits

Slave DS-DBR
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Simulations
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Mirror Simulations
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Fabrication
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Fabricated Devices
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Measurements Diode Lasers
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Measurements Diode Lasers

Lasing Spectrum Tuning with Stage Temperature
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Measurement Setup

» Measurement with bench-top equipment



Electrical Design

Multi-stage electrical design effort to:

* Reduce system footprint

« Improve system performance by reducing signal delay and loss in the feedback
loop

« Allows use of closely placed high-speed (20 GHz) TIA

« Should simplify overall system complexity.
« Offers path towards co-packaged microwave and photonic circuits

FPGA Cards

Programmable
Dividers/TIA

- Fiber -
Mounts
-




Thank Youl!
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