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NASA’S ASCENDS MISSION /

Measures: ’ o .
SCENDS - CO2 tropospheric column : ~400 km polar orbit
- 02 tropospheric column / ( (time of day is TBD)

&

- Cloud backscattering profile

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

clouds

Science Mission Definition Study
Draft
ASCENDS Ad Hoc Science Definitdon Team:

Kenneth W. Jucks.! Steven Neeck * James B. Abshire’ Davad F. Baker* Edward V onuvll"
Abbashek Chzrbq]ee" Dand Cn?. Sean M. Crowell® Scott Dennng* Dont Hammerling .
Fenton Hamison,” Jason J. Hyon, ™ Stephan R. Kawa,"” Bang Lin.'* Byron L. Meadows, " Robert
T. Mengies,” Anna Michalak,”” Bernen .\10015,-‘ Keith E Mumay,” Lesley E_Ott™ Peter
Rayner ™ Otilia I Rodnguez ™ Andrew Schuh ™ Yoschi Shiga ™ Gary D. Spiers,” James Skoh
Wang,* and T. Scott Zaccheo.

Apnil 15,2015

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

* NASA Homepage

m— S Requirements for CO, Mixing Ratio:
ASCENDS 2015 Workshop q . = 8
—— e . et | Random error: ~1 ppm in ~100 km along track, or
e 16 aun ~ 0.5 ppm in ~10 sec over deserts
California Institute of Technology = %
This workshop wil mradaﬂm.!raﬂm Internabona! Workshop on Greenhouse Gas Measwements from Blas: < 005 ppm (< 1 part ln 800)
Space at California Instituse of Technology, Pasadena, Calfornia, USA, Friday, June 19th
View their websie for logistical information: hMips.shes googhe com'sitaiwggms 11 Lower errors prOVide more bene-ﬁtforﬂux eSt,s.
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@/ SPACE LASER TRANSMITTER

ry2015-17 (TRL 6) ROADMAP L
TRL 6 Laser
Transmitter \ FY2018

Detector CO, Sounder

(HeCdTe Array Readiness for [ ASCENDS
supported by ESTO) Space Mission

Instrument
Aircraft Demo

- Previous work has demonstrated most key elements needed for ASCENDS
« The main obstacle remaining for a CO, Sounder-based mission is the laser TRL

« A CO, precursor mission could be an intermediate step, as a science and technology
demonstration (eg. for Earth Venture, or similar)

-« This program will increase laser TRL to 6 for flight opportunities in 2017 & beyond

- This high peak power fiber laser also serves as a pathfinder for other space remote sensing
applications
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SCALING COZ SOUNDER LIDAR TO SPACE

"""""""""""" 1 -8 > i
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Ref: J. Abshire, et. al., “Progress in developing the CO2 sounder Lidar as a candidate for the ASCENDS
Mission,” presented at SPIE Optical Engineering and Applications, San Diego, CA, August 2015.

!
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LASER REQUIREMENTS /

Center Wavelength Nominally centered at 1572.335 nm
Performance Parameter Laser Transmitter
Center Wavelength Nominally centered at 1572.335 nm

Linewidth (each wavelength < 100 MHz (TBR)

channel)
Pulse repetition frequency 7.5 KHz
Pulse Width 1-1.5 ps
>3.2 mJ/pulse (goal); >2.6 mJ/

Pulse Energy pulse (operating, 18% derating)
PER [TBR] 20 dB (TBR)
Wall-plug Efficiency > 6%

Beam quality M? <1.3 (TBR)

PER [TBR] 20 dB (TBR)

Environmental Launch to ISS (TBR)

Wall-plug Efficiency > 6%
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@ Architecture Overview /

GSFC

* Seed Module includes CW amp and Power Amplifier
Mach-Zehnder Modulator (MZM) Modules
* Pulsed Pre-Amp Module (GSFC, DII, OFS)
* being built by Nuphoton, Inc. Pulsed Pre-amp Module
* Power Amplifier (Nuphoton, Inc.) 2 i’:nvgr <3
* Design uses 3 amplifier modules - e
Packaging concept has 2 amps per Amp 2 e
module L 03
Amp 2
Pulsed | _ ——7 Pg)wer <0:t
Pulsed Amp 2 i
Seed | CWamp | MZM [ k7
LIOD Pulsed P
A0 ———+— " | Power
Seed Module = Amp <0:t
(GSFC) Pulsed
Amp 2 \ Do ¢t
Pulsed Amp
Amp 2 \\
. Power
Amp ¢t

— F / 7
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& ToP-LEVEL FUNCTION

GSFC

1.0

>

Transmitted laser power
)
B
Two-way CO, transmittance

0.8

0.6

04

02

Time 0.0

-20 -10 0 70 20
Frequency offset [GHZ]

» Seed-laser provides wavelength-stepped CW laser output.

* Modulation module carves CW laser into pulses, and (optionally) broaden
the laser line-shape to suppress the SBS for high peak power.

» Laser power amplifiers boost the laser pulse energy.

* The laser frequency fluctuation causes a variation in measured
transmittance, hence uncertainty in the retrieval => laser frequency must be
stabilized.
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@ SEED LASER OVERVIEW

Laser Transmitter

Pulsed Seed
Laser

o mm mm mm m—

Transmitted laser power

Two-way CO, transmittance

Master Laser
(locked to CO,
Absorption line)

G

> -20 I -10 0 10 20
Time Frequency offset [GHz]
Seed Laser <2
Fast tunable Vgt Y o ) ‘
Vo Slave Laser e " | CW Amplifier
— === | and Amplitude —)
(offset locked to _
master laser) CW output Modulation CW
2

* The DFB master laser 1s locked to CO, reference cell.

» Assingle DS-DBR slave laser is dynamically offset-locked to the master DFB laser using an
optical phase-locked loop (OPLL).

* The demonstrated laser frequency noise suppression (to < 0.2 MHz), tuning speed (< 40 ps)
and tuning range (~32 GHz) satisfies ASCENDS requirements.

Pulse shaping will compensate for distortions by Pre-Amp and Power Amp modules. Desire
“flat top” output pulses.

Capability to perform pulse-shaping through use of high-speed DAC currently in development

ATI-QRS-15-0001
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FREQUENCY DRIFT OF MASTER

i
LAS E R GSFC

— i I I I I I I I I | [ [ [ [ [
T 0.8 170109 -
s | |Beatnote between TVAC & lifetest master lasers 4
R 04l |- Port City cell, 2 locking systems | | | u
= ' —— Beatnote drift between two lasers (1sec gate time) | |
S B : : : : ‘ : : : -
T L T L
> 00 1 N R S B S S ‘ m
g ‘ : : : : : : :
Q 04 T W TN TR, Sy | LU LK i i N S SR —_
= - S —
S i Calculated RMS : 249kHz .
ra 08 R e e R Calculated peak-to-peak: 493kHz | —

L | | I i I | I I 1 | | | | | -

2 4 6 8 10 12 14 16 18 20 22 24 26 28

Time [hours]

Less than 1 MHz absolute drift between two independently locked
sources over a 1-day test
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OVERALL PROGRESS IN SEED
LASER DEVELOPMENT

GSFC

D\F
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SLAVE LASER DETECTOR/DIVIDER BOX /
IMPROVEMENTS e

* Redesigned and built improved 20GHz optical detector/frequency divider box.

* New detector is more robust, has a simpler power scheme and contains a limiting
amp

* Eliminates 20GHz cable between detector and electronics
* All components mounted on a signal PCB - fewer wires and higher signal quality

* Box also includes fiber coupler

— F “//
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&) CO, REFERENCE CELL OPTIONS;

New 10 m CO, cell = Hockey puck cell (IRsweep) Gas-filled HC-PCEF cell GSFC

F),g):'. — " J

Current Baseline 6" O.D. x 1.2" H (10m cell) 2.5"x2"x0.5" ~2" Dia coil

* Base line: 10 meter Herriott cell made by Port City Instruments (received & tested) -low risk.
* Investigating options to replace the baseline Herriott CO, cell, to reduce the cell mass/size
and instability.
* Option 1: compact ‘hockey puck’ cell from IRsweep - more desirable than the bulky Herriott
cell. Received 4m path length cell. IRsweep 1s developing 10m version.
* Option 2: a gas-filled hollow-core photonic-crystal fiber (HC-PCF) CO, cell - much smaller,
lighter, and potentially more stable due to the fiber wave-guiding
* Our previous work has solved all other problems with the HC-PCF gas cells except
unwanted spectral distortions stemming from the unwanted modes in the HC-PCF.
* Last problem solved by others -- Stable locking has recently been demonstrated at 2.05um
by P. G. Westergaard et. al. using a new HC-PCF for the CO2 gas cell
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PULSED PRE-
AMPLIFIER
MODULE



Architecture

GSFC

Power
IS . A% <.:t
3 : : Amp
Replace in-house design with — )/
commercial preamplifier I A?n;eQ =
5 ower 4:‘
Pulsed /I/ e
I Amp 2
Power
Pulsed 4 :
AT I, i 204 /I/ ~F
Seed [1 CW amp -] MZM Au sel_
e Pulsed P 5
A 2 \I_\ owe ‘:t
Amp
Seed Module
Pulsed
(GSFO) et o
ower
Pulsed I Amp
l e \
. |Rowcr <.:t
Amp
Pulsed Pre-amp Module
Nuphoton, Inc. :
(Backup GSFC) Power Amplifier
Modules

(GSFC, DII, OFS)
Laser - Preamp - Split 6-ways to seed 6-Power Amps

m==f=<g
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@ NUPHOTON PRE-AMP MODULE:

BASIC OPERATION.‘CONTROL
Nuphoton pre-amp module delivered and tested

.'//‘
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d The unit has 1 input and 13 outputs (including 7 monitor ports)

O Each output provides >5 pJ pulse energy

O OFS requires 2.5 pJ for the power amplifier

d Three serial interface for controlling different sections with hyper-terminal
d Module meets all optical performance requirements

U Worked with vendor to use vacuum compatible components
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@/ GSFC PRE-AMP DESIGN i

GSFC

» Preamp housing/enclosure design
» Components ordering / receiving (two vendors)
» Electronic design and assembling

\\\WV/ e

v’ 2-Stage EDFA |

v’ Single layer structure (~12” x 12" x 2”)§

v Redundant holders for passive optical
components

v Multiple routing path for fibers.
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POWER AMPLIFIER
MODULE



POWER AMPLIFIER MODULE :

ARCHITECTURE GSFC

1572 nm
Seed &

PreAmp

|
, OFS — PowerAmp Module PM-VLMA 1
| PowerAmp 1 : ,
' L e 1480/1550 l
! 1480 nm Raman Amplifier Pump WDM A
I Raman filter fiber Isolator/
1|| Low power Length L i| Collimator
I 1480 nm !
I Raman laser 1117/1480 1480/1550 1480 nm '._ _________________ B
I WDM WDM 3dB splitte I PM-VLMA I
: J—\ : PowerAmp 2 : |
:

: )
, :'ﬁ';r‘]’r‘:lwfg ' 1480/1550 : :
' laser INEVE] L1l |solator/
| :
I Collimator
AR RN e R N NG s g e B TS SRR LA e YT o

1572 nm

Seed &

PreAmp

= =
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@/BOW RAMAN AMPLIFIER 1480NM PUMP: ]
DETAILED SCHEMATIC

30m
6/125Yb

400m to 500m
Raman fiber

GSFC

FE = inline photo-diode
PD
S.S
= side-scatter photo-diode
p

791 7 7 7

High power 1117 nm Yb laser

oC RIG ROG

LLL a( LLI \ \ = terminated with coreless fiber

LR LI

1W 1480 nm Raman laser 1117/1480 ~450 to 500 m
OFS DK
WDM Raman filter fiber
30m
7 to 1 iz e 1117/1175
HR @ oC \WDM
X i

1390 slanted
fiber Bragg 1480 nm
grating 1480/1550 WDM 3dB splitter

To VLMA amplifier =

To VLMA amplifier

ATI-QRS-15-0001
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@ POWER AMPLIFIER HOUSING i

%

Cdmpleted mechanical package

— F / 7
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POWER AMPLIFIER INTERIOR ;

GSFC

View of PM-VLMA Side of View of Raman Fiber Laser
Baseplate Side of Baseplate

---------

uuuuuuuuuu

Pump diodes for Raman Fiber Laser

Raman Fiber L. PM-VLMA Fib
aman Fiber Laser S Raman Fiber Amplifier
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PM VLMA AMPLIFIER /
PULSE ENERGY AND PEAK POWER™

600 T T T T T T e R T | , | : |
—~~ 1 ™ 1 700 - .
2 500+ s ] j
= / | 600 - -
o 400 - - 1 1
S | ! _ 500 - -
c / s ! -
o 300- : P2 Ao -
5 1 / o ' ]
= 200- 5 2300+ d
o o) | i
£ 100 ./ jaNORE 5oga .
(= ] / i 1 ]
e o 2 i |
O e e e : j
§ R e S L A AT R 00 05 1.0
1480 nm pump power (W) time (us)

Pulse energy : 531 J
Peak power : 675 W
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@/ PM VLMA AMPLIFIER
COMPARISON WITH BREADBOARD

GSFC

MODULE DELIVERED IN MARCH

N w
1 1

1572 nm avg. power (W)

/ Pulsed operation
/ | 1572 nm

/ 1 1 microsecond pulses
/ | 7.2kHz

/- —&— new module
/ —a— breadboard module delivered in March

o
o

% T ¥ T g T g T

el e U e
1480 nm pump power (W)

e Output power is slightly higher at low pump power in new module
* Could be due to differences in end-cap type
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& BACKWARD SPECTRUM /
IN HIGH ENERGY REGIME

« SBS peak was always kept below Rayleigh peak conservatively.

« Most of the backward power is from ASE, not from SBS

<
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Wide-band view
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RAMAN-PUMPED VLMA EDFA

i
OUTPUT PULSE ENERGY —
600 e e A TR 1600
S T SBS-Rayleigh Limited | 1
[ Shaped Pulse ~x2 increase * é?
500 4+ in Output Power ﬁ’/} 1500
= 1 SBS-Rayleigh Limit 1
3— 400 X Non-Optimised Pulse | 400
g“) . - - - 1 Square Input Preamp 42uJ - - - - |
P L -
é 300 T --_ . Square Input Preamp 45uJ _ _ _ . ___300
o " — — Square Input Preamp 50uJ - — -
2 I
5‘ n L /RN | - 1200
Optimized input pulse shape and energy yields
560 uJ pulse energy from Amplifier )
L | ;
F | 1 :
e S e e S atat
. 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

Raman Pump Drive Current (A)

A Furukawa Company
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POWER AMPLIFIER BUILD

CONCLUSIONS
 Raman amplifier and PM VLMA amplifier built, characterized, and
ready for integration into mechanical hardware designed by
Design Interfaces.
 Raman laser —
30 W output power at 1480 nm (after slanted FBG and
1480/1550 WDM) for 49.2 W diode power
* 0O-0 efficiency = 61%
» Sufficient for pumping two PM VLMA amplifiers
* PM VLMA amplifier
e 531 w, 675 W peak power, single frequency microsecond
pulses at 7.2 kHz rep rate.
e 1480 power required for 500 ) pulses =14.2 W
e 0O-0 efficiency = 25%

E\F
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GSFC

3 STACKED MODULES ¢

17.475443.87 S 7 A
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@/ MOPA (WITH ONE AMPLIFIER) FOR
TRL6 QUALIFICATION TEST /
Single Amplifier
=N Module

Nuphoton Pre- Amphfrér P 195" < 176" 2 5.9 /

P
% Seed Laser Module
CO, Reference 7 195" < 16" x 37

Cell Module
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& OUuUTPUT OPTICAL MODULE |

N
* PM-VLMA fiber amplifier terminated with an end-cap 2
* Hermetically sealed to minimize contamination
* Co-boresighted to allow far field summing of output power
PM VLMA Beam
Er fiber Dump Pick-off
Wedge
Isolator Telescope
PM 1480/1550
Collimator HP Filter -
(emrock) g

e e ——— — ’F “//
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(.. CONCLUSIONS

e We are working toward improving the TRL of the laser transmitter

for CO, lidar to 6

e We have completed mechanical and thermal design and analysis.

« A power amplifier prototype meeting all optical performance
requirements with margin was built, delivered, characterized and
demonstrated in early 2017

« An engineering unit is being built and environmental testing will be
conducted in summer of 2017

o Full power demonstration with 6 amplifier channels in Fall of 2017
A copy of this OFS VLMA amplifier (@ 1550 nm) was built for the

Laser Communications Relay Demonstration (LCRD) mission’s
ground station — this amplifier out-performs the best available
commercial product.

D\F
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@ BACKUP CHARTS é

GSFC
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Performance Parameter

Seed Module
CW Diode Source

REQUIREMENTS (1 oF 2)

Pre-Amplifier Module
Modulator + Pre-Amps +
Splitters + filters

Single Power Amplifier | 6-Channel Combined
Module

Transmitter

Center Wavelength
Wavelength Span

Tuning speed

Linewidth (each channel)
EDFA noise figure <6dB

Side-mode suppression ratio
(spectral)

Wavelength stability (each
channel) fast

Wavelength stability (each
channel) slow

Wavelength locking reliability

Pulse repetition frequency
Pulse period (derived)
Pulse Width

Duty Cycle

Rise Time

Fall Time

Pulse shape
Pulse energy

Average power (informational

derived)

Peak power

~100 ps/step
<50MHz (TBR)
NA

>30 dB

Locked to < 3 MHz
(1ps averaging time)

Locked to <0.3 MHz

(1s averaging time)

Mean time to loss of lock - 24
hrs with 1 sec. re-lock time

NA

NA

9mW - CW

9 mW

(single channel)

Centered at 1572.335 nm (can be moved to adjacent lines)
200 pm from 1572.23 nm to 1572.43 nm (in 8 or 16 wavelength steps, TBR)

NA NA NA
<50 MHz (TBD) <50 MHz < 50 MHz

<6dB <6dB NA

>30 dB >30 dB NA

NA NA NA

NA NA NA

NA NA NA

7.6 KHz
133 ps

<1.3 ps (goal 1 ps)
0.75 % (Derived from Pulse period & pulse width)

Pre-shaped (TBD)

>4 pJ per channel (TBD)

30 mW

(4 pJ /1 ps)*5 = 20W (assumes
pulse shape factor of 5)

10-25 ns goal

10-25 ns goal

Flattish Top Same
>600 pJ/pulse (goal) Sum at Farfield

>450 pJd/pulse
(operating, 18% derating)

>2.7 mJ/pulse
(operating, 18% derating)

3 W (goal); 2.48 W (operating) Simm 2 P Piell

20 W (op)
600W (goal) 3.2 KW goal
450W (op) 2.5 kW operating



Performance Parameter

Seed Module
CW Diode Source

+PreAmp +
Modulator

Pulsed Pre-Amplifier

Module
Pre-Amps + Splitters +
filters

@ REQUIREMENTS (2 oF 2) !/

Single Power
Amplifier Module

GSFC

8-Channel Combined

Transmitter

Pulse Extinction ratio (timing)

% of power in the pulses (derived)

ASE

Margin to SBS threshold

Pulse energy stability (short term — 1 min)
Pulse energy stability (long term — 1 hr)
Trigger (format — TTL?)

Optical Back reflection tolerance —i.e.
isolation

Optical back reflection
Optical Output

Beam quality

Mode Stability / Pointing
PER [TBR]
Environmental

Mech. Package (size, ICD)
Wall-plug Efficiency
Communication interface
Interlocks/safeties
Reliability

% of time operational

ATI-QRS-15-0001

NA
NA
NA
NA
< 3%
< 5%
External trigger
~30 dB

NA
Fiber, SM, PM

M?< 1.1
NA
>20 dB
TBD
TBD
TBD
TBD
TBD

1 year + testing (TBR)

TBD

(single channel)
> 35dB
95%
<.056%
> 25%
< 3%
<5%

NA
20 dB (TBR)

~30 dB
Fiber, SM, PM

M2<1.1
NA

>17 dB
TBD
TBD
TBD
TBD
TBD

1 year + testing (TBR)

TBD

Earth Science lechnology Forum — Jun.

> 30dB

90%
<1% of average power
> 25%
<1%
<5%
NA
20 dB (TBR)

Free space, PM, ~100 prad
divergence, beam diameter/
clear aperture

M?2< 1.3
<10% of total
17 dB
TBD
TBD
>6% (goal)
TBD
TBD
1 year + testing (TBR)

TBD
| 2 01 7%

Shide 37

> 30dB
90%
<1% of average power
> 25%
<1%
< 5%
NA
NA

NA
Free space, PM, ~100 prad

divergence, beams co-aligned
to better than ~20 prad

<10% of total

17 dB
TBD
TBD

5% goal
TBD
TBD

1 year + testing (TBR)

TBD

—id
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CURRENT ENVIRONMENTAL TESTING BLOCK
DIAGRAM
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L4

* Received and assembled two new Port City CO, gas cells.

* The input/output optic shelf and the end flange are now a single piece to
improve stability.

« The Cell will be sealed by a pinch-off copper tube (connected to the cell via the
VCR port) that will replace the gas valve shown in the picture.

* Good wavelength locking results obtained with the new CO, cells.
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@’ BASIC OPERATION-AVERAGE
OUTPUT POWER

Measured with reduced Data sheet from Nuphoton with default
current (600mA) at pump 1  current

Average Power (mW) Average Power (mW) Energy (uJ)
CHI1 54 68 6.2

CH 1
CH2 60 CH 2 72 6.3
CH3 62 CH 3 72 6.3
CHA4 62 CH 4 69 6.2
CHb5 64 CH 5 73 6.3
CHo 6l CH 6 69 6.2

v Chl & Ch 2 output fiber was found damaged during testing.
v Energy with reduced pump 1 current at each channel is about ~5 pJ. (2.5pJ needed for

OFS amp)
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PREAMP DESIGN /

(NUPHOTON, INC.) SR

We received and tested the 1% unit from
Nuphoton. Some parts used were identified as
not vacuum compatible (high outgas rate):

1. Electrical wires (replaced with Teflon
insulated)

2. Optical protection boot (replaced with
Hytrel-8068)

3. Rubber boot on passive components.
(replaced with Hytrel-7246)

4. Pump diodes labels. (removed)

5. Konform coating on PCB boards (removed)

O A bakeout (pre-TVAC) was done on 12/9 to
study the outgassing behavior.

0 Will use the 15 unit for life test and 274 unit
for TVAC.
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RAMAN AMPLIFIER FIBER
LENGTH OPTIMIZATION

At ~30W output power level, efficiency is flat

When Raman amplifier is too long,
B T s nonlinear broadening leads to
0.6 FZD——DTD\ o
/ o additional loss due to long
A o=0"h wavelength loss of Raman filter
n 5
2 W/ fiber
0O
3 0.4 . :
@ /é Broadening also adds loss due to
(@)
=R wavelength dependence of
- o u 1480/1550 pump signal WDM:s.
Raman amplifier length
0.2 | 2 som o
’ /{ “W- 400m Efficiency is optimized for ~400 m
- %?/ Open shosres : After 1480/1550 WOM of Raman filter fiber in the Raman
amplifier
0.0 : : : . ;
0 10 20 30 40 50

WDM-Inband Output Power (W)
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@/ POTTING AMPLIFIER FIBER IN /

AN
THERMAL COMPOUND =
45 -
' n
22 /XE Process of vacuum potting
35 " amplifier fibers in thermal
e compound did not affect Yb or
< 30 Raman cavity efficiencies.
S o5 Over-all system efficiency was
% Jz\/ un-changed after potting
Q5o process.
e e
S
=5
<t . 2
10 / 1480 nm in-band power
] —- un-potted
5 —’— potted in thermal compound
7*4&%/ Solid shape — after Raman amplifier
0 Open shape — after 1480/1550 WDM
I ! I ! I ! ! !

o TR 555200725 :50-"35-740545-- 5056 6046570
1117nm Pump Input (W)
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&% SEED AND RAMAN FIBER LASER /

OUTPUT SPECTRA

GSFC

Output Spectra at Different Inband Output Powers
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&  PM-VLMA-ER i
SCHEMATIC

PM VLMA Er fiber
~3.25to04 m

pump leg
PM SMF

PM 1480/1572

WDM
PM

isolator  pnj 1572 tap

signal leg
PM SMF

g i
lens pump filter
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@ VLMA POWER AMP ;
CONFIGURATION =

Backward SBS detection

— OSA, photodiode and
oscilloscope/ power <€
meter
Laptop PC output
with Control window
(—— Software photodlode
o —
(e \ PM-VLMA Semrock
Thor Labs BNC amp|ifier lens filter
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power supply Raman |aser Non-PM / _-._____:: ______
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X L’
. photodiode
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TDK Lambda /

Seed laser

power
supply L BNC
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RAMAN LASER AMPLIFIER
EFFICIENCY SUMMARY

GSFC

¢ One single 1480 nm Pump at 30 W for two PM-VLMA Fiber Amplifiers

e Each 30 W Raman laser amplifier at 1480 nm consists of:
- 1480 nm Raman seed laser at ~1 W
- 1117 nm Pump source at ~40 W
- ~500 to 600 m Raman filter fiber

e 975 nm to 1480 nm Overall E-O Efficiency ~50% x 80% x 60%, or ~24%
- 975 nm Pump Diodes E-O Efficiency ~50%
- 1117 nm Yb Fiber Laser O-O Efhiciency ~80%
- Raman amplification from 1117 nm to 1480 nm O-O Efhiciency ~60%

« Power at 975 nm required to generate 30W at 1480 nm 1s ~30W/(0.8x0.6), or
~63 W

- 975 nm laser comes in ~40W module commercially, so three 975 nm lasers
operating at 50% derating will meet the requirement.
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Simulation of Cascaded Raman Amplifier ofs

1480 nm Seed power = 1W A Furukawa Company
Raman fiber length =550 m
>

S
40 o
; ; O 038.
— | | t
; 30 |_Intermediate Stokes Total output power o
bl orders (1117nm, 1175 so6 /7T
o nm, 1240nm, K7} /
c;) 20 1310nm, 1390 nm B 0 4 /
Q_ | | E **************************
= S /
o
8 10 . 1480 nm c02\ S
- \\ (o0
o output power X
0 | ‘ L T, ok — ! . L X
0 10 20 30 40 50 60 ©~ 0 10 20 30 40 50 60
1117 nm power (W) h 1117 nm power (W)

* Simulation of cascaded Raman amplifier — see V.R. Supradeepa et. al. Opt. Lett. 38, 2013
* Does not include ASE or FWM mixing effects
* Conversion efficiency calculation includes seed power.
e Above approximately 30W of 1117 nm pump power, output is dominated by 1480 nm
* In this simple simulation, pump power and 1480 nm output power can be increased arbitrarily
without negative effects.
* Simple simulation predicts high conversion efficiency (>65%) for low power Raman amplifier
* Thisisn’t true in experiments, as we’ll see below.
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