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Outline

Overview of Lasercom at MITLL

Building lasercom hardware from discrete fiber and electro-optic components—LLCD
and LCRD

Technology transfer to industry—LEMNOS

Using advanced integrated photonic devices as black boxes—TBIRD
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A History of High-Impact Lasercom Development at MITLL
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The First Space Lasercom Successes:
GeoLITE and ALEX (1997-2002)
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Lunar Laser Communication Demonstration
NASA'’s First Lasercom Demonstration (2013-2014)

Technology demonstrator on NASA’s Lunar
Atmosphere and Dust Environment Explorer (LADEE)
® 622 Mbps downlink from moon

® 20 Mbps uplink to moon

* cm-class real-time ranging
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Building Capable Lasercom Modems from COTS
Telecom Parts

: 0.5-W Double-Pass Amplifier
e Approach uses discrete telecom P
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» Parts have generally become Multi-rate DPSK Modem
more reliable - —

— Higher power, more reliable
pump lasers

e Parts have generally remained
available despite turnover in
vendors

Spellmeyer et al., SPIE 8917, 2014
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Reliability & Upscreening Methodology

Single lot lifetime buys of Telcordia qualified parts when possible

Eliminate known wear out mechanism that would limit required design lifetime
— e.g., radiation, fiber splices
— No moving parts

Selected redundancy (e.g., pump lasers), must be balanced against design complexity

Part types are shown to be suitable for use by
— Functional testing
— Environmental testing: thermal-vac, shock and vibration, radiation

Specific COTS parts tested for workmanship through
— Functional testing
— Screening tests
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LEMNOS

(Laser Enhanced Mission Communications Navigation and Operational Services)

ILLUMA-T 020

(Integrated LCRD LEO User Modem and Amplifier Terminal) (Orion EM-2 Optical Comm)

1.2 Gbps return 80 Mbps return
51 Mbps forward 20 Mbps forward
To ground via LCRD relay Direct to ground (WSC, TMF)
August 2021 delivery to GSFC May 2021 delivery to KSC
July 2022 Launch on SpaceX Dragon June 2023 Launch on Orion/SLS

~ 6 month mission 8-21 day mission

Technology transfer to create industrial vendor base is one of the program goals
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Terabyte Infrared Delivery (TBIRD)

Target Goals

S « Demonstrate burst data delivery architecture &
%5 N protocols

« Compact, low cost space & ground terminals

7 /)

» Leverage high rate COTS telecom equipment for
~ 3U LEO space 200 Gbps data delivery

terminal

Planned Demonstration

200 Gbps » Hosted 3U payload on §U CubeSat
downlink / * NASA Small Sat Pathfinder Tech Demo
* Body pointing

» 2 X 100 Gbps coherent transceivers
\ » High-speed readout from space buffer
S

Low-cost 40-cm

ground terminal . Widely-deployable ground terminal
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TBIRD Burst Data Delivery

Data Delivery Concept

Data Buffer
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Average Terabytes per day from LEO to Earth

600-km LEO, 51° inclination, single ground station

Link analysis accounts for cloud statistics
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The TBIRD system is capable of delivering many TBytes per day from LEO to a delay-tolerant ground user
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Enabling Commercial Technologies

High-Rate Optical Modem Large, High-Speed Storage Optical Amplifier

'MADE IN THE USA.

100 Gbps Fiber Telecom Transceiver >500 GB, >25 Gbps Readout ~1W Erbium Doped Fiber Amplifier
Compact Form Pluggable (CFP) Solid-State Drive (SSD) Optical C-Band (~1550nm)

» Highly integrated COTS components enable small, low-power space terminal designs
» System design treating some components as functional ‘black boxes’
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Risk Reduction for Space Environments

Shock / Vibration Thermal/Vacuum

Gamma cave

Gamma radiation

Key COTS components validated in relevant space environments
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TBIRD Comm Architecture

Data 100 Gbps
Buffer Transceiver
ARQ

%

Controller TX Optics
100 Gbps
Transceiver

ARQ Uplink Downlink
<5 kbps 200 Gbps

Received frames Dropped frames are
are acknowledged re-transmitted

Data 100 Ghps
Buffer Transceiver :
ARQ RX Optics
Controller 100 Gb (incl. AO)
PS _ :
ARQ = Automatic
Repeat reQuest

ARQ protocol enables COTS transceiver to function on fading channel




Summary

MITLL/NASA collaboration has advanced lasercom state-of-the-art

LLCD and LCRD leveraged high-reliability COTS telecom components

LEMNOS using similar COTS telecom technology while advancing technology transfer
to industry

TBIRD is a pathfinder in using integrated photonic devices for ultra high data rates
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