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NASA-GSFC’s heritage of space laser
sommunications dates back to 1960s

CO; Laser Communication Systems for Near-Earth
Space Applications

JOHN H. McELEOY, ssion wooes., 1mex, NELSON Mc AVOY, EDWARD H. JONNEON, uesmn, Jsxe,
1. BEGNAN, FRANK E, GOODWIN, wnases, jezx, D, MICHAEL HENDERSON, meazs, 122E,
R, LYLE S. STOKES, BERNARD J. PEYTON, scvon MEMEER, DIXE, AND:
THEQDORE FLATTAU, uawuea, mis

EARLY SPECULATION on the applicabillty of lasers to space co N —
concentrated on deep-space missions isee, e £ [ 11-{4]1 111 t grr-spsce Laswr ication Tackmal
the 126(¥s it bacame evident that the more imporiant E EARL
on the applicability of lasers to spacs commurnications conce!
space missions (se¢, ¢ g [ 11-[41) Inthe latter half of the 19 . |
ayident that the more impottant application was to near-Earit - ::-"E :‘ﬁ}“;‘:“f‘:‘ﬂ-‘:m“
paiticularly 1n support of remote sensing applications [ 51, { € :

the technology of teriestrig CO2 laser communication inks h, Ml Yek { FF (311 kB) §

Jperone b <eehiril srbes
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| YEAR SATELLITE METHOD LASER DETECTOR DATA RATE

1970s ATS-F (GEQ) Heterodyne CO2 {gas) HgCdTe 300 Mbps

! 1980s ACTS (GEO) Direct Detection | Laser diode | APD, PIN 220 Mbps

| 1990s ISS (LEQ), TORSS-LIGHT(GEO) Direct Detection | Laserdiode | APD 1.2 Gbps
2000-2005 MLCD (Mars) manage MIT-LL/JPL | Direct Detection | Fiber laser APD array 50 Mbps |

: 2005-2010 Lab Testbed Direct Detection | Fiber laser Hybrid PMT 50 Mbps ,
2010 - 2015 LLCD (Lunar) Manage MIT-LL Direct Detetion | Fiber laser NbN Nanowire 622 Mbps _|

mmu.m‘nn‘&m::‘na:z.nnuﬁxﬁa -

TDRS and TDRS-Light System Concept
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L -4 YDRS MA
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communiceiions systemn on the ATS-F satelite was canceller NASA Goddord Space GHC CIT, (USA)

results are descenbed hers,

tne point whete the basic parameters were known and a ¢rot Tracking and Deisy Reley Sxteliie System (TDRES}-LIGHT: & spaca teatiohs archimety
~ould be made for system feasibiiity [ 71.-{ 91 Afteran atterr Barnand D. Seery, Michsel W, Ftzmaurice, Willam L. Hayden, Jrsenh Burt, Peter 0. Minot, and Michasl A, Krainak

bUdgEt constmlnts_ a systemaﬂc develapment Dmgfam was it Thera [s a growing intarest In applying the resources of the Tracking and Data Ralay Satellite Systam (TDORES) as the primary suppart

Objab"tl\fe ar removir g all possthle uncertainties before agam ¢ capability for future small satellita usars. This intarest is based on a varialy of banefity offared by the TORSE, and not avaliable with
s 1 globatly-distributed space-graund links, An architecturs bazed on an optical augmentation to the current TDRSS space network Is

resouices 1o a flight expeirment. This program was begun N1} dixcossed, including a candidats design for the user and ralay tarminals.
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aser Communications Greenbelt, MD to Lunar
Reconnaissance Orbiter Uplink

A

* First successful test, 5/9/2011, 3:40 pm EDT

Free space laser communication experiments were
conducted between the salelliie laser ranging (SLR)
station al NASA Goddard Space Flight Center and
: ¥os the Lasar Ranging (LK) receiver an the Lunar
e : ; Reconnaissance (LRO) over a 280, 000km distance
in May 2011, The laser pulse Irigaer times were
modulaled by a 1024-ary pulse position madulation

| A — ! |
—'.&- E : 4 (FPM) slgnal eentered in the LR randes gale Inlerval
i _— ' : . The recelved signal showed an 80% PEM waord
L - | - - - . o - I - + £
. | ’ daelection rale, which was Wypical for [aser rangin
\ g1kl
4 measuremants rouah atmosphere under 2 clear

sky candilion

PPMsignal
generating
equipment

|




Jemonstration

Mars Terminal
* Generate Optical Power

* Encode and Modulate the Data
between .1 and 50 Mbps

* Point and stabilize outgoing beam
through a Hybrid inertial / beacon
concept.

* Receive uplink commands at
approximately 10 bps

deritage Elements - Mars Laser Communication

o @ Gmmm— ' Q

Earth Terminal

Considered Ground-based, Balloon-based,
and Space-based terminals.

A large aperture area is needed to collect
enough light to overcome the extreme

range.

Need to couple capture light onto efficient
detection hardware.

- * Demodulate and decode the signal.
Transmit a beacon and uplink commands.
Needs to operate in daylight

L.ink Control
* Dynamically select terrestrial site and inform Mars terminal

* Optimize lasercom parameters for changing conditions and inform all terminals
Coordinate transmission, buffers, retransmissions, ...




Heritage Elements - Lunar Laser Communication |
Jemonstration

Lunar Lasercom
- Space Terminal

| LunarLasercom Ground @
Terminal (LLGT) ' Vem@OSW )
. e 40-622 Mbps xmt @1550 nm :

‘Location TBD 10-20 Mbps rev__—

_-

1.55 um bags”

| Deep Space NW
. LADEE
Lunar Lasercom OGS Termina! | Mission Ops Center
“0OCTi” Terminal Teide Obsarvatory | '
won | LADEE
N, NISN =" SN._ | Science Ops Center

Ops Center (LLOC) SFC V150 Eiho







SCaN Notional Integrated Communication Architecture

Lunar Lunar
Relay Relay
Satellite < Payload

L % {potential)

Near Earth =
Optical Relay -
Pathfinder

Anlenra
Array

Titan
L Maptuna

ﬂ' Safurn

o

Bluto ¢
. =
Charon

v

SCaN Services Provide:
« Integrated service-based architecture
Deep Space * Space internetworking (DTN and IP)
Spticalpaay « International interoperability

Patiifinder
» Assured safety and security of missions

« Significant increases in bandwidth




Some NASA Goals




" LCRD Mission Statement

- LCRD will demonstrate optical communications relay services

between geosynchronous orbit (GEO) and Earth over an extended
;ér_iod, and thereby gain the knowledge and experience base
that will enable NASA to design, procure, and operate cost-
effective future optical communications systems and relay
networks i
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LCRD Mission Architecture | @’

L Commercial Spacecraft Host
O Fl|ght Payload

Two Lunar Laser Communication Demoenstration (LLCD) baSEd Optical
Modules

Two LLCD Pulse Position Modulation Modems

Two Multi-Rate Differential Phase Shift Keying Modems based ona MIT
Lincoln Laboratory Design

Two Optical Module Controllers
High Speed Electronics to interconnect the two terminals, perform data
. processing, and to interface with the host spacecraft
Cl Two Optical Communications Ground Stations

. Upgraded JPL Dpttcai Communications Telescope Laberatory (Table
N Mountain, CA)

@; Upgraded LLCD Lunar Laser Ground Terminal (Location TBD)

LCRD Mission Operations Center
- Cohnected to the two LCRD Optical Communications Ground Stations
. Connecled to the Host Spacecraft Mission Operations Center

Spa.Mo-

Acai Link1  gpticat ,_,,,k\

LCAD Mission
Operations Centey
White Sands




) Payload Electronics Architecture

-
“d

Payload Electronics

L v : ¥ ¥
(" Controller ' Controller
Electronics Electronics

1 2




Agenda & D

Overview of the Laser Communication Activities at Goddard
Space Flight Center

| CRD program overview




’PM Modem Testbed

i
Anlical _Ii .
L e I g "]
 reansiSL m.
4 8 :‘.!l{;::w—-“*-m‘*“*’*“.i’~ S
p— -

B _"_i’il;ionslB;t:}iBﬂ

, i
B TI.EE\-"iry;lSignal i
I E;._ I3

Bit Error Rate, -log




°PM Modem Testbed:
Demonstrated Functionality of 4-ary PPM (LLCD Uplink)

« Ad-arv PPM (uplink)
— 325 Mbps slot rate encoding and decoding

— Automated Nodulator Rias control for high
exiinction Ratio

— Built with heritage Encoder and Decoder

4-ary Encodar




DPSK Modem Breadboard
Demonstrated LCRD Required Performance

2

RZ-DPSK breadboard with tri-state driver was
successfully assembled, tested and demonstrated

— Assembled out of COTS components
— Performance verified to be within 2.7 dB from the quantum limit

* FPGA loaded with DPSK image to generate objective
framing
- Xilinx Virtex-6 1
— tri-state generation
* Achieved le-6 BER with 25 photons per bit

—  Optimizing signal integrity from FPGA will improve performance
—  FPGA clocking scheme improvement will reduce jitter penalty

9 F ___ Moaswed RZDPSK |

— DI-;'SKQuantumLimit | - | B4 [ | |

.........

H H
Sranavyateem

Balanced
Detector

Dalay
Interferometar

MZ
Modulator




| Agenda

view of the Laser Communication Activities at Goddard
Space Flight Center -
CRD prog am overview

aser Communication Transceivers Demonstrations
al modulation format transceiver development




- Challenges of combining modems

erent clocks (only optics can be shared)
nherited different data frame structure
I'he same wavelength

'i’.'[;;_.-fiﬁ]f;'  glve e reCBIVGI’S

PPM Modem




PPM and DPSK Modems Combining options

Assumptions Solutions Impact

| «dBs of add:ticnal ink Ioss each way for hothh modulations
« Addrtional cornpolent

Combsine/

*sub-dB of adaitionat irk loss each way for noth modulations
split optical

Case ign| AR « Tung/repiate waveiength selecung componenis on PPM madem
Q..v ,L; o ‘=nd S Fo

No changes to the S { = Aduitional wavslangth seiecling sompoaent
existing MiTLL modams motiems angd |8 ] =sub-gB of addittonal link loss each way for both moduiations
dasians Optcal ucn « Adartional polarization controiling comnnonent

Vioduls \ « Addiional potarization selecting component

«gub-d3 of additionsi wnk loss eacn way for both maodulations
* Addittona! switch.ng cormponent {requires electneal conngctivity for
cantral)

* Two fiber connections between PPM and DPSK modems
* Additional component

Combine/

split optical
Case 2: sénais?ns:de
Minor Functional oneofthe [
Changes to the mndems maodems, HPA
designs not impacting and LNA of i = *Two fiber connections Lstween PPM and DPSK mnderns
performance. oneofthe [ Polarization * Additional polanzation controliing component

modems are | s Additional pclanzation selesting component
shared

*Two fiber connections hetween PPM and DPSK madems
*Turefrepiace wavelength salecting componants on PPM modem
* Additiona! wavelength selecting companent

*Two fiber connections between PPM and DPSK modems
«Additionai switching component (requires elestrical connectivity for
controfl

B ——

ase 3. - * Additional component on receive side to splhit the signal iato twe optical
. DPSK Modem upgraded to modulate )
Minor modifications 0 and detect PPM signals. Clock paths - one for DPSK and the other for clock recovery ang PPM

DPSK modem ~ Recovery detector is used to detect thiesheiddetaction
capabilities not changed. PPM data signals
PPM moderni can be

completely “overhauled”




Case 1: No changes allowed to be made to existing
modems designs

Options
e L i © Power Combiner

*  WDM Multiplexer

= Polarization Combiner ,
+  Power Switch

m
=

SRR

EPM Modem

Power Splitter
-+  WDW De-multinlexer

Options Pros Cons rating
Simplicity and ; -
Power tow SWAP Largest impact on Link budget 2

Lowest impact Required a separate wavelengths for PPM
Wavelength  on link budget, modem TX and RX: same design, different 1
low SWAP part numbers spectral filtering components

The most complex: requires polanzation
Polarization  Low SWAP controlier on PPM transmitter; may not be 4
feasible for receiver

Low msertion Reliability, needs electrical connection and

Switch loss command to switch




se 2: Minor changes allowed. No performance impact I i

‘ |PPMModem -y

* Selected transmit signal (PPM
or DPSK) is amplified by DPSK
booster amplifier before
Power Combi : :
ST reaching Optical Module

ol Cniton ek | * Received signal from Optical

Power Switch . . pe
module is first amplified by
the DPSK 1%t stage amplifier,
than routed to corresponding
(PPM or DPSK) EO slice

Options

Power Splitter
WDM De-muitiplexer i ,
Polarization Splitter Optical Module

Power Switcn

Interferometer
DPSK Modem




2 3: Minor Mods to DPSK. PPM can be “overhauled”

Transmitter
Cl Modem Chassis - 2 he
4 Rz ot
Rz : > :
2zl
l -
Clk = DPSK modem is used to
generate PPM signals as well
Receiver . :
: * Transmitter - same tri-
_ o state pulse generation for
- detectoy
e O paieling L7 DPSK PPM as for DPSK
Amp e s phoio- P Data * Receiver - photo-detector
T detertor | being used for clock
A recovery is used for PPM
. Fnoto = Clock detection
| detettor 1!

PPM Data



Integrated Modem Demonstration

* Used Arbitrary Waveform Generator to create
trl»state DPSK and PPM 2.88 Gslots/sec signals

E RI system used to detect and verify performance of the link -
W thm 2.6 dB from the DPSK quantum limit

- | s e T T

RN Quantum LTrmt




1er Developments Channel Emulator
| .| ReCeiver

Channei — v |
: anu EQHE
Emulater Control Controf

Fast || | Polarization | _{ Band Pass | [ Delay
Attenuatar Centroller Filter i interf '

e e e i o B o B s it B ol AL o e o e o

CLK § r




Jther Developments - Optical Link Modeling |

.' :
Developed a modeling tool to support selection of optimum components and provide
system tuning optimization .
Mo deled Return-to-Zero DPSK link with COTS software (Optsim, Rsoft)
Real parameters from actual components were used to model Optsim Comy

- FSC = ot
: .‘- &‘I'E‘\ \ hﬁt‘ & =~ g e
el . - G0 | e - [ - T B ot s 'f'
b %z\_j S N ) o - p—y de o e S
i-:'ul Y (Hakh Wil g -hﬁh:q-“- I_lg-.._q-—-- ::j wupﬂm_-‘ﬁ d.
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l & -y 0 .. '*- B o ‘-’:h' T e '.
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i r S Tl b - o e = e i
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'l." Bu‘ | *'-I Ll e g
DBPSK Receiver
DK Travsmitter OpiSim medel for RZ-DEPSK transmitier
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Summary &

Successfully built and demonstrated EO elements of PPM and
DPSK breadboards operating at required detection sensiti

Demonstrated Combined Modem operation ’
Built and tested Atmospheric Channel Emulator
ieveioped real I LCRD optical COmmUn-i_ A llC ..'t' modeling tool

NEes Iy Lj.i';_‘lﬁfi; ilgent 'Oa In.a ¢ _g alification of

dME ||f_'-r OFr 'i:i[-_;?jIDI[ZIII'_TI Y




|
Near Term) Development of the Engineering Development Ur
— Serve as performance qualification modems for the flight terminals
— Lately will be updated to constitute modems for the ground stations

_-J"'."

'_, > |

3'5

Q't‘ | :-i

Tl ==

{Lm

Ground Modems

Development
Sequence







Erbium Doped Fiber Amplifiers

‘_‘! v Fiber-based seif-test input
!

dniieal Dats Generatoy Double-Pass Erbium-loped Fioar Simplifier
5w n...«'it_...,_,__, - ’ L 1

1 i 7

" Master Laser ! ' Polarization Er-Doped Fiber Er-Doped Fiber
(456042 nm} Modulator isolator  Beam Spiitier wpm

(52 e e T e

- F%elf-Test Laser

£ | [1567.95 nm}

=2 1%, PMSSH

s B2

g ™

[+ [ 1550 nm

o PMC

]

® 1 89/

g %

B

. 99%

[ Photodiode

{monitor point)
Pumpi Pump2 Pump3 Pump4
V¥  (976nm) (976 nm) s

o Fiber Test Port
Opticat Module



LCRD Integrated Modem

O P S B ol o i . i P s S o B B e . 1 e B e L B e o

; Receiver : SDWE HS
: Optical Controls

Rovd Opt
Pwr Mon

Clock,
Recover

5 u e
>
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Transmitter :Iliil-llllllllll
Self Test - l
Path . 4
" Power Amp “.seed Modulator
- A A A
4 - - -
Outical Pump BIT Tx Clock
Maonilor Lesers Lasar

Oplical Controls




Laser Communications Potential

GHz TH=z PHz

Frequency 10%Hz 1015 Hz

LWIR vis UV
L J

0.3 um I

Fiber telecom band
|
i J—
39T

o) GHz

'Feaures of extremely short Improvement
wavelengths of IR light _ | Over RF




The Power of Wavelength!

RE Optical

34-m antenna * 10-cm space terminal

S-band (~2-2.3 GHz) * Optical (192 THz 1!t
20-kW transmit power * 0.5-Wtransmit power

Equivalent Isotropic Radiated Power Comparison

r [ — e "
- EIRP =81 GW
s V =1l (= FF B8 W L7




Beamwidth Example: Radio from Mars

(Vhen an antenna (or telescope) is optimally focused,
its beam still diverges at an angle proportional to the
wavelength

+>

Beamwidth of radio beam ~ 0.75 : :
(for X band, 3 meter antenna) Beamwidth of radio beam ~ 0.19 °

(for Ka band, 3 meter antenna)




Beamwidth Example: Optical from Mars

|

Beamwidth of optical beam ~ 0.00029 °

2050 Km
(for 1.55 um, 0.3 meter)




LCRD Demonstration Scenarios | @

—-

= LCRD will operate in multiple configurations to support a
- variety of scenarios

- — Optical link and hardware characterization -3
- — Direct-to-Earth Operations
— Relay Operations

Satellite o
-

I pE:r.'L_?E' Lommunieations v
Grownd Station



Modulation Techniques
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DPSK Modulation & De-Modulation

Each slot contains an optical pulse with phase = 0 or . The phase difference
between adjacent pulses yields data.

)PSK yields N-1 Data bits

Each DPSK burst preceded by one “seed” pulse of the proper phase

.t = slot period

¢[n]
din]

fiber
interferomater

pre-amp

K=




* No re-amplification along the way (similar to
‘early Metro type fiber-Optic systems)

- No fiber - no dispersion (sort-off)

'llimits DWDM capability - pointing issue
But, in terms of ISI (inter-symbol interference) it
is quite advantageous
- Enables use of large power optical amplifiers
Biggest concern - Fades
ge swings in average power (> 50 dB) which
ast up 1o couple tens of microseconds -
Is of thousands of lost bits at 10 Gbps
: (larger than SONET frame)
s limited dynamic range (~ 20 dB)

AoLEh o *ride
enough 10 "ri
]

— Dispersion in refractive optics of telescope which

il

Lasercom leverages advances of
Fiber Optic Communication

& Ories
2 9 [Z\ Chonnet
Clon. simoke.




Laser Communications and Space
Internetworking Benefits

- o g T ] . . | 1)
Communications Technology Goal: Minimize constraints on future missions
imposed by communications and navigation systems ‘

I -.reqsed data rates

— Reduced size, weight, and power
increased communications access and capacity
Redu laar.x-'qugx ational complexity B

a mmunica u:ms will provide orders of magmtude increases in =
tes with reductions in system size, weig t and power with respect 1o

T=Yatl E.'-, Wi 'J, [N e T" o=y | ""H.
N -




Abstract

Proceedings of SPIE -- Volurme 2123
Freu-Spoce Laser Communlcation Tochnologies VI, G. Stephan Mecherle, Editor, Aupust £594, pp. 178-237

Zrptions For seleced Artulus

[ Chonssanacnon 7T Ty e
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it uGEs temaed

Full Tewt: { PDF (511 kB) ]

Tracking and Deley Relay Satellits System (TDRES)-LIGHT: a space communications architeciure

Bernard D. Sasry, Michae| W. Fitzmaurice, Willizm L. Hiyden, Jossph Burt, Peter O. Minolt, and Michael A, Krainak
NASA Goddard Spave rhght CtT, {u54)

There is a growing interest in applyirg the resources of the Tracking and Data Relay

capability for future smalt satellite users. This interest is based on a variety of banefi
ginbally-distributed space-ground links. An architecture based on an optical augment
discussed, including a candidate dasign for the user and relay terminals.

MUEA Topo
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GSFC (pre-1990) History
1970 - 1977

PROCECEDINGS OF THE 1EEE, YOL. 65, NO.2, FEBRUARY 1957 m

CO, Laser Communication Systems for Near-Earth
Space Applications

JOHN H. Mc ELROY, senior MeMser, ixex, NELSON Mc AVOY, EDWARD H. JOHNSON, MEMBER, IEEE,
JOHN J. DEGNAN, FRANK E. GOODWIN, moMuen, 1x2, D. MICHAEL HENDERSON, mEMBER, IEEE,
THOMAS A, NUSSMEIER, LYLE 8. STOKES, BERNARD J. PEYTON, SENIOR MEMBER, IEEE, AND
THEODORE FLATTAU, MEMBER, IEEE




~ Free space laser communication experiments '.
-~ from earth to the Lunar Reconnaissance Orbite

Paper 8246-16 of SPIE Photonics West Conference 8246
Nate: Wed s_day, 25 January 2012
i

Xiaoli Sun, David R. Skillman, Ronald S. Zellar, Gregory A. Neumann, Leva Mcintire, Evan D. Hoffinar
Smith NASA Goddard Space Flight Ctr. (United States); Maria 1. Zuber, Massachuse t Institute of
nwwn ted States)

V. \',' L “ llf | Ir- [l";il}ll 3 ‘[ﬂTE‘I‘!ﬂ thﬂ L‘:Eﬁf Ranging(LR) I"BCGW&TDD
4 380.000-km distance in i ay 2011. The Laser pulse trlg,g&rt}n%

{PPM) sigr I*_ ered in R range gate interval i'-" C
ate, which was typic: :-!- anging measurements throu

-'p

| !
later in 2011 with 4080-ary |




NASA-Goddard Space Flight Center: 0

Lasercom history and past/present synergy | 'Iuwi
with space laser instruments |

SUMMARY y

NASA-GSFC has a rich history of space laser communications
projects from the 1960s to the present.

e flight lidars have been NASA-GSFC in-hou:

g

for the past two decades v




Infusion Targets D

» Technology Demonstration Mission
(TDM) is an opportunity to do as much
for as many different applications as
possible, but cannot do everything for
everybody J

— Cost/schedule/complexity/risk
— Physics and geometry
The primary infusion targe
Gerlﬂl‘?ﬂ N Tracking and
ale I..::IIII S)

¢ | CRD movi




Technology Objectives

a Dem‘bnstrate optical communications relay
‘services between GEO and Earth to enable
ture optical communication systems and

r -networks

Provide .tb_e necessary operational
experience to guide NASA in developing an
»-t(@ia cture and concept of operations for a
uture optical ’based network

rate 1 &tworkmg protocols including
0 ﬁm&; !e)ad at target data rates

Project Overview

Mission Concept

Orbit: Geosynchronous
—  162°Wto G3°W Longitude

2 years mission cperations

2 operational GEO OMs

2 operational Optical Earth Terminals
Ability to support a LEC Use_zrl
Hosted Payload

Launch Date: Dec 2017




Optical Communication Modem Functionality

tical communication modem provides following functionalities to the

=11
Generates and detects optical signals
Modulates and De-modulates optical signals (Mo-Dem)
Encodes and Decodes Error Correction and Interleaving (only on ‘ground station

for LCRD

- Boosts and pre-amplifies optical signals
Sk _ |
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Modem is a “heart” of the Optical Terminal

{Ground Terminal Example)
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Detailed View of PPM Modem (LLCD Design)
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M message bits are encoded by transmitting a single
pulse in one of 2M possible time slots. It is repeated ever
T seconds such that the transmitted bit rate is M/T bps

. Lasercom Downlink

-~ 18 PPM

— Data rate varied by changing slot rate (0.311 - 5GHz)
. Lasercom Uplink

—  4-PPM with dead time

—  Fixed slot rate, 311 Mslot/s

—  Data rate varied by changing dead time (12 or 28 slots)

PPM
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Detailed View of DPSK Modem

Fiber-Optics
Slice (RX side)
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Added Functionalities

by the end of FY12

Assumptions:
1) Build DPSK and PPM prototypes from COTS parts with performance 10dB worse than MIT/LL

2) DPSK and PPM protetypes performanc ‘10 dB:)off that of MIT/LL
13) Use MIT/LL PPM and DPSK modem design3a¥ guidance

4) Labs and test equipment are available

5} Contractor support is available if needed

&) Procurement process is less than 12 weeks for any part

7) FTE manpower support is available immediately

8) Receive adequate information on DPSK modem




LCRD Testbeds: PPM
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LCRD Testbeds: DPSK
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DPSK Trinary State Burst Modulation

) b—dead space ————burst—
| _ [_data {1010....cce. 4010] _diata | binary data
cal DPSK Optical Modulation l DPSK encoding
requires 3 modulators
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LCRD Testbeds: DPSK
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Flight Modems Combining options Cases Trade-offs

Option Pros. Cons. Rating

 wDM

1 o . m No change to existing designs  Extra dB(s) of loss to link
“; wom " required budgets

Transmit and Receive optical  Additional fiber connectivity
power amplifiers redundancy  between modems

Single EO slice design: low
complexity, low SWAP, low
cost

Possible impact to biasing
circuitry and control




DPSK Trinary State Burst Modulation &
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Tynical DPSK Optical Modulation
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LCRD Modems Development Flow
(EDUs recycled for Ground Modems)
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20 Components Selected based on MITLL designs ‘@
iome modification required to address obsolescence) '.

: InGaAsP Distributed FeedBack (DFB) Laser Diode in 14 pin butterfly  2W(TEC on),
Signal Lasor i package " % cubic inch ¢

3W(TEC on),

Pump Lasers 4 14 pin butterfly packaged fiber Bragg grating stabilized Laser Diode 1 cubic inch

Optical " | . _ _ . '
Modulator /’ Lithium Niobate (LiNbO3) X-cut in Mach-Zender configuration 6

Photodetector , - . ' W, Y2 cubic
(DPSK) InGaAs diode pair in balanced configuration inch 4
Photodetector Ya W, Y4 cubic
oo L ouaon :
Booster Optical Amplifier  Double-Clad Erbium-Ytterbium doped fiber amplifier NA 5
Optical Pre-Amplifier Low noise figure Erbium doped fiber amplifier NA 5
Delay Lithrum Niobate (LINbO3) X-cut in Mach-Zender configuration with W (TEC

' % one bit delay at maximum data rate. Delay length precisely controlled on), %4 cubic 4
LB el with thermo-electric cooler tnch
Optical / . o ) %W, ¥ cubic
Filter Fiber Bragg Grating filter with thermal conirol inch 4




