. g L P
Free-Space Optical Communication

Don M Boroson
MIT Lincaln Laboratory

28 August 2012

autics ‘and Sgace Adﬁﬁn: (2 o Air Force Contract #FA8721-
nd COHC|U§1_ | 0




\
9,

X

(7S¢
O
8

* Factoids
* Opportunities & challenges
* The technology

* An example

MIT Lincoln Laboratory ==

Overview-2
DMB 9/4/2012



"“: ] [ ] ] [ ]
&3 The Diffraction Limit

10 Two terminals 40,000 km
Gbps apart supporting 10 Gbps...

1
Gbps

100
Mbps

10
Mbps

1
Mbps

GEO
NEAR-EARTH VARS SATURN URANUS
SATS  MOON L1 :MERCUR JUPITEFIQJ__] NEPTUNE
[ARTO-AR__[LECSATY |J_'| [ VENUS D/PLUTO
l l l l l l l l l I l l L
| | 1 | | 1 | | | | |
Km 101 102 103 104 Km 105 [ 106 107 | 108 11)9 1010
light second light minute light hour

MIT Lincoln Laboratory ==

Overview-3
DMB 9/4/2012



""“ | | [ | | ] [ |
S The Diffraction Limit
10
Gbps
1
Gbps
100
Mbps ...can only support 1 Mbps if
100x40,000 km apart
10
Mbps
1
Mbps
GEO
NEAR-EARTH TS SATURN URANUS
SATS  MOON L1 :MERCUR JUPITEFIQJ__] NEPTUNE
[ ARTOAR _][EOSATY IJ_'I [_VENUS EI/PLUTO
l l l l l l l l l I l l L
1 1 1 1 1 1 1 1 1 1 1
Km 101 102 103 104 Km 10° [ 108 107| 108 11)9 1010
light second light minute light hour

MIT Lincoln Laboratory ==

Overview-4
DMB 9/4/2012



9
9

All the High-Rate Links Anyone Could
Be Interested In (until we travel to the stars)
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All the High-Rate Links Anyone Could
Be Interested In (until we travel to the stars)
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& Radio Frequency (RF) vs Optical
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THz More diffraction
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& Radio Frequency (RF) vs Optical
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& Radio Frequency (RF) vs Optical
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Opportunity/Challenge —

Achieve Narrow-Beam Benefits of Optical
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Challenge —

Achieve Optimum Coded Efficiency

*Channel/noise-limited capacities
Arbitrary modulations

Photons per Bit (dB)
N

Pre-amplified QAM or multi-level
homodyne can achieve high
bandwidth efficiency.
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Challenge — Achieve Optimum Coded
Efficiency
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*Channel/noise-limited capacities
Arbitrary modulations
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Challenge — Achieve Optimum Coded
Efficiency

*Channel/noise-limited capacities
Arbitrary modulations
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Parts of a Free-Space
Communications System - RF
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Parts of a Free-Space
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What’s Hard About Optical?

In Both Vacuum and Atmospheric Links
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* Finding (acquiring) where to point
e Stabilizing (tracking) very narrow beam in face of platform
micro-vibrations

* Subsystems must withstand vibrations of launch, wild
temperature swings, and radiation
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What’s Hard About Optical?

In Atmospheric Links
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* Transmitting beam up through atmosphere and preserving
high gain in face of turbulence

* Receiving low-power signal via large aperture and coupling
light into single-mode (or other small) receiver in face of
turbulence

* Extremely narrow-band filtering of received light when pointed
near sun

* Dealing with wide power fluctuations
e Clouds, fog, trees.....
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What’s Hard About Optical?

Technologies
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* High-optical-power, low-electrical-power transmitters that can
achieve high speed, high peak powers, high optical quality, etc

* Receiver components and architectures that can achieve near-
optimum performance at desired rates and desired aperture
sizes

* Present-day photon-counting technologies not simply suitable
for space environment
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Lunar Laser Communication
Demonstration Program
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To be world’s first lunar lasercom

Space terminal to fly on Lunar Atmosphere and
Dust Environment Explorer (LADEE)

Main lasercom goals
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— 1 month lasercom orbits
— 3 months science orbits
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Summary

* Present technologies adequate for achieving wide range of
high-performance (optical) communications systems

e Stage is set for optical transmission and reception based
on quantum properties of light
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