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SFC's heritage o~f space aser 
communlcatlo,ns dates back to 1960s 

YEAR SATELLITE METHOD 

1970s ATS~F (GEO) Heterodyne 

1980s ACTS (GEO) Direct Detection 

1990s ISS (LEO), TDRSS~LIGHT(GEO) Direct Detection 

200~2005 MLCD (Mars) manage MIT-LUJPL Dfrect Detection 

2005-2010 Lab Testbed Direct Detection 

2010-2015 ......__. __ , LLCD (Lunar) Manage MIT-LL Direct DetetJon 

... 
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PPM Laser Communication Transceiver Testbed 
Demonstrated Photon counting at 1um 



Laser Commun cations, Greenbelt., MD to Lunar 
Recon aissance Orbiter Uplink 

• First successful test, 5/9/2011, 3:40 



Heritage Elem,ents - M,ars aser Communicat on 
Demonstrat on 

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 

Earth Terminal 
• Considered Ground-based, Balloon-based, 

and Space-based terminals. 
• A large aperture area is needed to collect 

enough hght 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 

~-=--===-=-==~ 
Link Control 

• Dynamically select terrestrial site and inform Mars terminal 
• Optimize lasercom parameters for changing conditions and inform all terminals 
• Coordinate transmission, buffers, retransmissions, ... 



Heritage E ements - Lunar Laser Communlcat on 
Demo stratlon 

Lunar Lasercom Ground 
Terminal (llGT) 

401~cm810W 
1~20 Mbps x.nt 

404CJcm 
Nanowtre 

Detectors 
40-622 Mbps rev 

MITLL 

Lunar Laseroom 
Space Terminal 

(LLSJ) 

LA DEE 
Spacecraft 

Deep Space NW 

ARC LADEE 
Lunar Lasercom 
·ocn: Terminal 

(LLOT) 

OGS Termina! M lsslon Ops Center 
Teida Obsar,;ato!!:' 

Lunar Lasercom 
Ops Center (LLOC) 

GSFC LADEE 

LLOC Echo 
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Some NASA Goals 

10Gbps~----------------~ 

1 Gbps 

LCRD 

100 Mbps..,..._.------------1 

10Mbps~-----------------~--------~--~----------~ 

Moon 

• 
10' 

30 



LCRD Miss on Statement 

LCRD will demonstrate optical communications relay services 
between geosynchronous orbit (GEO) and Earth over an extended 
period, 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 





LCRD Payload Electronics Architecture 

Host SiC 
31VPoWer 
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PPM Modem Testbed 
16-ary PPM at 5 GHz slot rate was successfully demonstrated 

--~-- --·---·- - ··- ·-··-----------··--------------
Photons/Bit, dB 

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 
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PPM Modem Testbed: 
Demonstrated Functionality of 4-ary PPM {LLCD Uplink) 

• 4-ary PPM (uplink) 
- 325 Mbps slot rate encoding and decoding 
- Automated ~Jiodu!ator Bias control for high 

Extinction Ratio 

- Built with heritaga Encoder and Decoder 

--
• 



DPSK Modem Breadboard 
Demonstrated LCRD Required Performance 

• 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 V1rtex-6 
- tri-state generation 

• Achieved 1e-6 BER with 25 photons per bit 
- Optimizing t:.ignal integrity from FPGA will improve performance 
- FPGA clocking scheme Improvement will reduce j itter penalty 
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Challenges of combining modems 

• Different clocks (only optics can be shared) 

• Inherited different data frame structure 

• The same wavelength 

• Polarization diverse receivers 

DPSK Modem 

PPM Modem 



PPM and DPSK Modems Combining options 

Cast# 1. 
NQ chartgf>s to tr.::' 
ex•st;ng MfTl L "T.od~'T.s 

d~~ians 

Case 2: 
Minor Functtonal 
Cha~ges to the mQdems 
c1estgn~ not 1mpacttr.g 
performance. 

Mtnor modrflcat10ns to 
0?.51\ mod~M -
ca:;.abtht•cs l"ot cl"tanged. 
PPM mocler,, can oo 
compiP.tP.!y • ove~hau:ed" 

~r.":blnC/ 
StJht or.t•CCI 

;;•gnc:ls 
!J~twctJn 

MO<.lerr.s en<J 
~pti~l 
MC'dul~ 

Comb1ne/ 
spht opttcal 

Signals lllSidA 
one of the 

Power 

WDfv1 

modems; HPA ~ftl-----­
::!nd LNA of 
one of the 

modems are 
shared 

Switching 

DPSK liAt'OP.m upgraded to modulate 
and d~~ PPM stgn~ls. Clock 

Reco~~ry detector i& used to detect 
PPM data stgna Is 

• dBs of l:'dd:tJcnHIImk lo>s ~l!tct. way for not~ ,,odulatrCilS 
• Adort1or :11 c.orr•JJOI·~'1 ~ 

• sul>-dB of aC!tlrbonol hrl< IC1&3 e<~ch W3V for ooth modulations 
• T•m~;~apic.ce v.ave:ength selecung componer.ts on ?P!Vr l""odem 
• I\UQ!tl011fll DOtiG:nt 

• sub-013 o~ addrbondl h:1k l('<'...S each way for both :nooul;;t1on~ 
• Ad'lrt1ona1 polanza: 1o• 1 controiltng corn:3onet-t 
• Mdrt~OnCII 

• s•Jb-d3 oi ad1rbon.,;i •mk loss r.acn way for :x>t'l I"'!CA:.fltlatton~j 
• MdttiO•t<'' sw:~tv•f! CO't·pone'lt {re<;u:r~ r.!ectflcal .;onnEI':tVJW for 

• Two ftber connectJOns between PPM an<! OPSK modems 
• Additional c.o:nponent 

• Two fr~r connEJct1on.s ~twP.en PPM and DPSK modem!. 
• Tur.e/rep:ace wavel~ngth ~lec:tmg .::Jmpont:'nt& "" PPM modem 

•Two ftber connections t"3hveen PPM and OPSK ml}d~r,,s 
• Add1lronal ~ol&nzatlon contr~lhng component 
•Add,tJonal 

• Two frber connectrons l>e!Ween PPM and DPSK modem!. 
• Addrtronai sw1tch1ng component {reqUirP.S eii'Y.:t!tcal co:mectlvlty for 
control\ 

• Aoort:tonal cornpone.lt on recerve Side to spirt: the Slfnc>l mto twc optical 
oa!!'ls - onf: fl,)l Of'SJ< i.nd the' other for clock recovery an<i PPM 
thr~ho'J ctetectron 



C e 1: No changes allowed to be ma e to exlstl g 
m dems des gns 

DPSKModem 

Options 

• Power Comb1ner 
• WDM Multiplexer 
• Polarization Combme:­

Power Swltt::h 

• Power Splitter 
• WDM De-multiole,er 

Options Pros 

SJmphcrty and 
low SWAP 

Lowest 1mpact 
Wavelength on lrnk budget, 

low SWAP 

Polam.atton 

Sw1tch 

Low SWAP 

Lo'h msertJon 
loss 

Optical Module 

Cons 

Largest 1mpact on lmk burJget 

Requrred a separate wavelengths for PPM 
modem TX and RX: same des1gn, different 
part numbers spectral f1ltenng ~omponents 

The most complex: requ1res polanzat1on 
controller on PPM transmitter; may not be 
feasible for recetver 

Rel1ab1llty, needs electncal connect1on and 
command to sw1tch 

rating 

2 

1 

4 

3 



Case 2: Minor changes allowed. No performance Impact 
PPM Modem 

Options 

Power Combiner 
• WDM Multiplexer 
• Pofar.zation Com::>tner 
• Power SY~itcn 

• Power Splitter 
• WDM De-multiplexer 

Polar!zation Sp!itter 
• Power Switch 

• Selected transmit signal (PPM 
or DPSK) is amplified by DPSK 
booster amplifier before 
reaching Optical Module 

• Received signal from Optical 
module is first amplified by 
the DPSK 1st stage amplifier, 
than routed to corresponding 
(PPM or DPSK) EO slice 



Case 3: M nor Mods to DPSK. PPM can be "~overhauled" 

Transmitter ~-

Receiver 

Dela)·Me 
1~ter'fer(il(n&:~r 

Phmo- . 
d~tectn.r 

DPSK 
Data 

Pnr.ttr ·~ Clock 
de.~er;tClr 1:;1 

PPM Data 

DPSK modem is used to 
generate PPM signals as well 

• Transmitter - sa me tri­
state pulse generation for 
PPM as for DPSK 

• Receiver - photo-detector 
being used for clock 
recovery is used for PPM 
detection 



Integrated Modem Demonstration 

• Used Arbitrary Waveform Generator to create 
tri-state DPSK and PPM 2.88 Gslots;sec signals 

• BERT system used to detect and verify performance of the link -
within 2.6 dB from the DPSK quantum limit 

9 
10 11 12 13 14 

Photons I Bit (dB) 



Other Developments Channel Emulato~r 
--··· .... ··-···----- •··••• -----...... -·~- - ------- ----.• - •. ·-----• ..• •! 

---...... ;Receiver 
I' .. ··----~·----······- ................. -.·· - ......... .... ·---... 

i Transmitter 
: . 
' . 
: . 
' J . 

Data 

Channe: 
Emuiator 

4 -------··----- -----------
PPG 

Band Pass 
Filter 

• SimuJation of the optical link (channel) is necessary to stress optical modems during 
test and verification 

• Time series Atmospheric model with captured light into fiber 

• Caleulated BER evolution over time to 
inject into network modeling tool 



Other Developments - Optical Link Modeling 

• Developed a modeling tool to support selection of optimum components and provide 
system tuning optimization 

• Modeled Return-to-Zero DPSK link with COTS software (Optsim, Rsoft) 

• Real parameters from actual components were used to model Optsim Components 

• Model was verified by matching model and testbed transceiver BER performance 
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Eye Di'agrams used to verify Modeling Accuracy 
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Summary 

• Successfully built and demonstrated EO elements of PPM and 
DPSK breadboards operating at required detect· a sensitivities 

• Demonstrated Combined Modem operation 

• Built and tested Atmospheric Channel Emulator 

• Developed realistic LCRD optical communication modeling too 

• Challenges include identification and qualification of 
appropriate replacements for obsolete components in original 
des~gns 



Path o ward 

• (Near Term) Development of the Engineering Development Units 
- Serve as performance qualification modems for the flight terminals 
- Lately will be updated to constitute modems for the ground stations 

(") 
T""" 

>-- - u. ......... ~ ............ ......_,__.....__ 

----=-=:::::_~ - Testbed M.odems 

[ Br adboard 

MCR 

• EDU 9/2013 (3 units) 
• FLT 8/2014 (2 units) 
• Update EDUs for 

GRD 912016 (2 units) 

Ground Modems 

Development 
Sequence PDR 

~------~------~··~~------~--~------------~ 

Qualification of replacements for obsolete components 



Back-up 



• RXLow 
Noise 
Amplifier 

• TX Booster. 
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rblum Doped Fiber Amplifiers 
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aser Communications Potential 
GHz THz. PHz 

Frequency 10ii Hz 1012 Hz 1015 Hz 

I 
LWIR 

I 
Wavelength o.:i m 0.3mm 0.3~m 

Satcom Bands UHF L X K L Fiber telecom bands 

Entire Band 0.85 1.2 1.1 -5 GHz 7THz 3.9THz 

Typical Usef Band .02-30 30 50 25-300 MHz 50GHz 50GHz 

Features of extremely short 
wavelengths of IR light 

Nearly infinite bao.dwldth (and 
fiber telecom components to 
make use of It) 

EXtremely high gain from 
small apertures 

System Potential 

- Extremely high data rtdes In 
unregulated bands 
• Use of extra bandwidth to achieve very 
high efficiency 

Very small terminals 

Improvement 
Over RF 

1 O's of THz vs 50 
GAz 

Power deliverY. 
efficiency 
10,0002 



he Power ,of Wavelength! 

RF Optical 

• 34-m antenna • 10-cm space terminal 

• S-band ( -2-2.3 GHz) • Optical (192 THz !!!) 

• 20-kW transmit power • 0.5-W transmit power 

Equivalent Isotropic Radiated Power Comparison .....____ __ _ 
~ EIRP = 8.1 GW 

0.1m 



Beamwidth Example: Radio from Mars 



Beamwidth Example: Optical from Mars 



CRD Demonstration Scenar1os 

• LCRD will operate in multiple configurations to support a 
variety of scenarios 
- Optical link and hardware characterization 
- Direct-to-Earth Operations 
- Relay Operations 
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P K Modulation & De-Modulat on 

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

• N DPSK yields N-1 Data bits 
- Each DPSK burst preceded by one useed" pulse of the proper phase 

' i 
0 1 

• Data demodulat ion with optical interferorneter 

fiber 
Interferometer 

~· t = slot period 

cp[n] 
1 
'tf • 0 0 d[n] 

- {>-{i- T {:t>·-data_ 



Lasercom leverages advances of 
Fiber Optic Communication 

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

• No fiber - no dispersion (sort-off) 
Dispersion in refractive optics of telescope which 
lim1ts DWDM capability - pointing issue 

- But, in terms of lSI (inter-symbol interference) it 
is quite advantageous 
Enables use of large power optical amplifiers 

• Biggest concern - Fades 
- Large swings in average power (> 50 dB} which 

can last up to couple fens of microseconds -
hundreds of thousands of lost bits at 10 Gbps 
rate (larger than SO NET fran1e) 

- Reeeiver has limited dynamic range (- 20 dB) 
- lntefeave shail be deep enough to ·I ride" through 

fades-> 1 sec interleaver is a must 
Clock Recovery shall be capable to avoid "sUps" 
during fades 
Cascading EDFAs in pre-am~Hfied receiver 
creates pseudo-Automatic Gain Control 

• Holds input power to detectar constqnt 
• ASE noise is faaes depE~ndent 
• Can be cle(ined with FEC 



aser Communications ,and Space 
lnternetworking Benefits 

• Communications Technology Goal: Minimize constraints on future missions 
in1posed by communications and navigation systems 

- Increased data rates 

- Reduced size, weight, and power 

- increased communications access and capacity 

- Reduced operational complexity 

• Laser Communications will provide orders of magnitude increases in data 
rates with reductions in system size, weight, and power with respect to Radio 
Fr:equency (RF) systerns 

• Space lnternetworking/Disruption Tolerant Networking {DTN) provide 
increased communicat~ons access and capacity by allowing more efficient use 
of available links while also providing scalability 

• The LCRD Mission will perform demonstrations of these technologies to ···-- ·"'!.dill!: 

them towards full operational readiness 



Proceedill"''l of SPIE- Y<lhll't'lt! 2123 
F~Spoce Laser Comltlt:nlc;tion TGchRologiti;s VI, G. Stephan Mecherle, EdltDr, A~euat 1994, pp. 17 ... ~07 

Full T-: ( PDF (411 I<B) ] 

Tracking and Del<01y Relay Sollellltl!l Syatllm (TDRSS)-LIGHT: a space commun~c:.:.tlons l!lrdtltecwre 

Bernard D. Se~ry, Mlchael W. Fitzmaurice, William l. Hityden, Joseph Burt, Peb!r 0. Mtnott. and M:ch~l A. Kr111inak 
*SA God4ml Space fhf/IC 07. (<1$4) 

There is a growing lnter~st In applying the re;;ources of the Tradclng and D;lta Relay 
capability for future small sab!llite user.s. This interest is basl!d on a variety of benefi 
globally·dlstrlbutccd space-grnund links. An architecture based on an optical augment 
discussed, lnc:uding a candidate d0$1gn for the user and relay terminals. 

T'iJll.~·U{.J I;' 
:Eala!lll't•l Y.'.;'-lrt 
(lv~,.~ 'l•c 
At l.u..U 
OnOI!w' 



GSFC (pre-1990) History 
1970-1977 
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C02 Laser Communication Systems for Near-Earth 
Space Applications 

JOHN H. Me ELROY, s.Ntok MEM.fmll, m.il:1 NELSON McAVOY~ EDWARD H. JOHNSON, MEMBER, lED, 
JOHN J. DEGNAN, FRANK E. GOODWIN, NamER, JED, D. MICHAEL HENDERSON, MEMBER,mEE, 

THOMAS A. NUSSMEIER; LYLEs. STOKES, BF.RNARD J. PEYTON, SENIOR MBMBER., lEE£, AND 
THEODORE FLATIAU, MP.MBER, IEEE 

• EARLY SPECULATION on the applicability of lasers to space commuhications concentrated on 
deep-space missions {see, e.g., [ :1.1-[4]}. In the latter half of the 1960's It became evJdent tha 
the more importa'ht E E.~RLY SPECULATION on the applicabiUty of lasers to space 
communications concentrated on deep~paee missions see, e.g., ( U-(4]). In the Jatter half of 
the 1960's it became evident that the more-1mportant a,ppt1Gat1on was to near·Earth m•ssKJns.. 

parttoularl~ '" support of remote sensing applications [ 51, [ 6) . By that tinle the technouo2V: 
terrestrial C02 laser .communication finks had advanced to'the point where the basic·ns:a•-Am.rA.nnl 
were known and a credible argument could be made for system feasrb1lity [ 71 ( 91 
attempt to fly a Jaser communications system on the ATS-F satellite was cancelled beetJJJSd 
budget constrat[lts, a-systematic devetopment program was initiated with the otttleeuva~ 
removmg all possible uncertalnttes befQre again commrttm resources to a fl 
Tliis program was eegun in1970 and the results are descri 



Free space laser communication experiments 
from earth to the Lunar Reconnaissance Orbiter 

Paper 8246-16 of SPIE Photonics West Conference 8246 

Date: Wednesday, 25 January 2012 

Author(s): Xiaoli Sun, Dav1d R. Skillman, Ronald S. Zellar, Gregory A. Neumann, Leva Mcintire, Evan D. Hoffman. 
David E. Smith, NASA Goddard Space Flight Ctr. (United States); Maria T. Zuber, Massachusetts Institute of 
Technology (United States) 

Free spac~ laser communication experiments were conducted between the satellite laser ranging {SLH} station at 
NASA Goddard Space Flight Center and the Laser Ranging (LR) receiver on the Lunar Recormaissc.mce (LRO) 
over a 380,000-km distance in May 2011. The laser pulse trigger times were modulated by a 1024-ary pulse 
position modulation {PPM) signal centered in the LR range gate interval. The received signal shoWed an 80% 
PPM word detection rate, whic!l was typical for laser ranging measurements through atmosphere uniJer a clear 
sky condition. Mote experiments are scheduled later in 2011 with 4096-ary PPM format and error correction 
coding. 



NASA-Goddard Space Flight Ce,nter: 
lasercom history and past/present synergy 

w·th space laser Instruments 

SUMMARY 

• N'ASA-GSFC has a rich history of space laser communications. 
projects from the 1960s to the present. 

• Space tligl1t lidars have been NASA-GSFC in-house laser 
insttument foc·us for the past two decades with. great success. 

• La er transceiver, poin.th1g/tracking, optics and high speed 
electronic technelogies (required for LCRD) are synergistic 
with pres nt and upcoming lidar experience and technologi . 



Infusion argets 

GEORe1ay Near Earth OTE 

•NotiOnal Diagram not to ~e or meant to be all inclUSive 

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

- Cosvsched ule/ complexity/ ris~\ 

- Physics and geometry 

• The primary infusion target is t he Next 
Generation Tracking and Data Relay 
Satellite (TORS) 

• LCRD moves beyond "does the 
technology 'wVork?" and focuses on "how 
does one fully utilize lasercom and 
networking technology?" 
- Network, ground, and f light architectures 
- Operations concepts refinement 
- Requirements development 
- Performante characterization and Mt'ldal 

validat ion 



Project Overview 

Technology Objectives 
• Demonstrate optical communications relay 

services between GEO and Earth to enable 
future optical communication systems and 
relay networks 

Miss ion Concept 
• Orbit: Geosynchronous 

- 1620W to G3°W Longitude 

• 2 years mission operations 

• 2 operational GEO OMs 
• Provide the necessary operational 

experience to guide NASA in developing an 
architecture and concept of operations for a 
future optical based network 

• 2 operational Optical Earth Terminals 

• Demonstrate networking protocols including 
DTN onboard Payload at target data rates 
appticabie to Mars or L 1/L2 relay trunk lines 

Schedule 

• Ability to support a LEO User 

• Hosted Payload 

• Launch Date: Dec 2017 

Payload 
Delivery 

Spacecraft 
Contract 
Award PDA COR 

Payload 
I&T 

!Experiment 
Enaa 



Op leal Communication Modem Functionality 

• Optical communication modem provides following functionalities to the 
system 
- 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 

- Shapes optical signals and filters background noise 

• There are no decisions being made in the mode111 
- It is controlled by external controller 

- Few analog control loops 



Modem is a "heart" of the Optical Terminal 
(Ground Terminal Example) 

Modems 

'l TY. 
"CPSf<. 

Data and -i-----"-------ll..-----, 
Control 
System Data Source 

IK!'Iol::lnNWII DfjiQ~ 

oete'Ctorl lntert 

Data, Telemetry 
Storage and Transfer 

Opt 
Falter. 

Command 
and Control 



Deta"led View of PPM Modem (LLCD Design) 

PPM Modem 

• 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 

16PPM 

Data rate varied by changing slot rate (0.311 - 5GHz) 

• Lasercom Uplink· 

PPM 
Wavafa"" 

4-PPM with dead time 

Fixed slot rate, 311 Mslot/s 
Data rate varied by changing dead time (12 or 28 slots) 

l+t I I I II Il l ' I I I I ' I I H++H-++11 I It I I. I I I II I II tl 
o 1 :11 a 4 1 •' • :; lllt'IU:I!Ot4111 t :11 a 4 5 • T • • !flltn n us o 1 t 1" • ;; T • ~.,._1l11U11 



Detailed View of DPSK Modem 



Bread oards Planed Developm,ent in FY12 

Ordering Long lead (8+ weeks) items 

S~sis ~st to FedBfz for 
l~Ampoemo 

Added Functionahties 
by the end of FY12 

Testb';!d FlE 1~s fully sraffe~ FUnctional df!mos by MCR 

Contmt.'tors avaUable (if needed) 

-----·- -- - -- ··----.. r-- . 
. 

1

Assumpt1ons: 

1) Build DPSK and PPM prototypes from CO]i~~s with performance 10dBworse than MIT/LL 

2) DPSK and PPM prototypes performance( 10 d BJOff that of MIT /LL ' , 
3) Use MIT/LL PPM and DPSK modem design'hl! guidance 

4) Labs and test equipment are available 

5} Contractor support is available if needed 

6} Procurement process is less than 12 weeks for any part 

7) FTE manpower support is available immediately 

8) Receiv~ ade~u~~~- information on DPSK modem 



STEP-1 
Build 

Simplified 
system 

STEP-2 
Incorporate 

newly 
developed 
electronic 

boards 

LCRD Testbeds: PPM 

Transmitter 

Design 

j 

1 . ...... _._._. ____ ~·······.._~ .. ~ 
PPG 

,---------------------~--~~~-~~~~-~~~--
...--~~~-~--· ·---··:-""·-------··-·-· .. ,.. ........ "".--·--· -·-· ........ , 1 ! Transmitter Optical 1 
' . I A 

' ' 

. 
' ' • . 
' 
' ......... -............................. _ ........ -. ............. _ .. ~-·----""--~ 

Fremiq;/PPM 
Modulclto 

Fa!St 
Atton u.;tor : ......_ __ __, . 

0 

' ' 1!. ...... ·-·-~-~--- ~· ""! .. - .. - .. __ ,...., - --.. -



LCRD Testbeds: DPSK 

TX 

• 6- ....... - · ... - .. - ............. _ ....... - __ ...._ .. ... ---··- .. -- __ .,. ....... "" .. .._ .... -. ~, 

Transmitter Optical 

OFB 

MIT DPSK Modem 

__ ... ._ ____ ... __ _____ .. __ .. ____ ~·---- .. ---.-..... - -- __ .. ___ ......... -- __ _, ... . 
I 

Fast 
Attenu~tor 

i Receiv~r 
l • I • I • • . 

Manu~l 
Control 

Band Pass 
f 'iltftr 

I 
I 
I 

Manuai l 
.__c_o ... ntro_. _1 ..... BaJancoo j 

Detector: 
,....~....., . 

Delay ._._,~%.t--, 
lnterf. 



D SK Trlnary State Burst Modulation 
I· dead •pace •I• bunst-1 

....... ! -~-ta-l1010 ....................... 1010I - data I binary data 
• Typical DPSK Optical Modulation 

DPSK encoding 
requires 3 modulators 

Pulse carver 

Data Modulator 

Burst Modulator 

• LCRD DPSK Optical Modulation 
requires 1 rnodu,ator 

• Generate 3·fevel DPSK 
waveform (electrically) 

• DPSK data and burst windo 
mapped to two bursty 
unipolar streams 

• Mapp1ng requires 
combmatoria1 FPGA logic 
(constantly-updated flip.­
flops) 

X 
window funcUon 

• . _!!~D:=P:::::S::-K.:::.-JI~----=:::=:==--.t:.~@__;D;;_P.....=Sk~j burst-mode DPSK 

.. , ... 1 -----L-l...--~~---lo---~ 

serial2 ---

sarl1111 c burst AND daf.&\ 1 
s~:inl2 ~ bilf'G~ ' ' ND (dats XO!-l burst) . 

nuU·bluad 
Mach Zehnder modulator 

p I 
1...---~--v 

------



LCRD Testbeds: DPSK 

IT DPSK Modem 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~,----- ·~ ··~----~~-~-·----------·----~---~·-·~---~- '--

............... _ ........... ·--·----·--~····---.-. ... _ ............. .......... , .......... . 
Transmitter : Optical 

I 

Data 
?PG 

r-ast 
Attenuator 

ClK 

;Receiver 
: • : . • • 
' • • • 1 

Manual 
Contmi 

Polerizatlon 
Controller 

DF.RT 

Sand Pass 
Filter 

M.J.nuei 
. Co•·1trol 

I . 
' . ' . 
i' 

Balanced! 
Detec..tor! 

,................... ! 
Delay 
lnterf 



Flight Modems Combining options Cases Trade-offs 

Case Option 

WOM 

1 

2 

3 

Pros. 

No change to existing designs 
required 

Transmit and Receive optical 
power amplifiers redundancy 

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

Cons. 

Extra dB(s) of loss to link 
budgets 

Additional fiber connectivity 
between modems 

Possible 1m pact to biasing 
circuitry and control 

Rating 

3 

2 

1 



D SK Trinary State Burst Modulation 
1---dead space burst-.J 

1-dat.-- fiii1G.:-.-:.-:=:-.:: ..... 1010 data J binary data 
• Typical DPSK Optical Modulation 

requires 3 modulators 
Pulse Carver 

• DPSK encoding 

I OPSK laOQ. .......................... mcool r> Po.U DPSK data 

Data Modulator 

Burst Modulator 

• LCRD DPSK Optical Modulation 
requires 1 modulator 

X 

dead : burst c!ud 
• Generate 3-tevel DPSl< < ttme J A. "i ttme :> 

waveform (electrically·) :p\. J\ AAl 
• DPSK data and burst winao scnati __ _...__ ....... _ ~-1\_,_ _ __._;L..._........_~~ 

mapped to two burst serlal2 -,-~). ~ - -~ J 
Unt'pol~r streams .-----~----·~ + •' ~ s~iei 1 = buri3t !-NO datli 

• Mappmg requ1res 
combinatorial FPGA tog1e 
{constantly .. updated flip­

nuU·bJased 

window function 

ij[DpiKJ bu~t~DPSK 

p 

flops) Mach Zehnder modulator 



L RD odems Development Flow 
(ED s recycled for Ground Modems) 

• 
\ 

(\ 
( Bread~oard 

Testbed Moderns 
MCR PDR 

Modem Th reshold[lbyi}v'l CR) 

DPSK 14lJf B!l>h/b~lie-3 

PPM* 12f)iB!l>h/bll!>rll.e-3 

Lt) 
....... 
(;: 

• EDU 9/2013 (3 units) 
• FLT 8/2014 (2 units) 
• Update EDUs for 

GRD 9/2016 (2 units) 

Ground Modetll8 

Development 
Sequence 

l 
I 

Goal!lbytFDR) 

1100 B~h/bl{!>f!.Le-3 

9f)iB!l>h/b~rn.e-3 



EO Components Selected based on MIITLL des ·gn 
(some mo ification required to address obsolescence) 

Stgnal Laser 
lnGaAsP Distributed FeedBack (DFB) Laser Diode in 14 pin butterfly 2W(TECon), 
package %cubic inch 

Pump Lasers 14 pin butterfly packaged fiber Bragg grating stabilized Laser Diode 
3W(TECon), 
%cubic mch 

Optical ~ 

L1thium Niobate (LiNb03) X-cut in Mach-Zender configuration Modulator // 
Photodetector 

lnGaAs diode pair tn balanced configuration Y2 W, Y2 cubic 
(DPSK) ' InCh 

Photodetector 
lnGaAsPIN ~ W, !~cubic 

(PPM) 1nch 

Booster Optical Amplifier Double-Clad Erbium-Ytterbtum doped f1ber amphfaer NA 

Optical Pre-Amplifier Low noise figure Erbium doped fiber amplifier NA 

Delay 
Lithtum Niobate (LtNb03) X-cut 1n Mach-Zender configuratton With Y.z W (TEC 

Interferometer 
one bit delay at maximum data rate. Delay length precisely controlled on), Y2 cubic 
with thermo-electric cooler 1nch 

Optical 
Fiber Bragg Grating filter with thermal control Y2 W, Yz cubic 

Filter inch 

6 

6 

6 

4 

6 

5 

5 

4 

4 


