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Motivation for 2-Micron Laser/Lidar Development
NRC Recommended “3-D Winds” Mission
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TABLE E5.2 Launch, Orbit, and Instrument Specifications for Missions Recommended to NASA

Decadal Rough Cost
Survey Estimate
Mission Mission Description Orbitd Instruments (FY 06 $million)
2010-2013
CLARRED Solar and Earth radiation; spectrally resolved LEQ, Ahbsalute, spectrzlly resolved 200
{NASA i i Eiacaion L
partion) . |
e | Global Winds
- 9 Societal Benefits
DESDynl [
Extreme Weather Warnings v

2013-2016 :
Hyspif Human Health v
N Earthquake Early Warning
SWOT ¥ E

Improved Weather Prediction v#1
GEQ-CAPE

Sea-Level Rise
ACE Climate Prediction [
2016-2020 Freshwater Availability [
LIST
- Ecosystem Services
. Air Quality v
SCLP Snow accumulation for freshwater availability LEO, 550 Ku-and ¥-band radars 500
K- and Ka-band radiometers
GACM Ozone and related gases for intercontinental LEQ, 550 UV spectrometer 600
air quality and stratospheric ozone layer IR spectrometer
prediction Microwave limb sounder

3ID-Winds Trepospheric winds for weather forecasting LEQ, S50 Doppler lidar 650
{Dema) and pollution transport




Space-Based Doppler Wind Lidar Roadmap

2-Micron Coherent Doppler Lidar
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Early Mission Concept for Earth Winds
Laser Atmospheric Wind Sounder (LAWS)

| * 525 km orbit height

 Single pulsed coherent Doppler lidar system
covers troposphere

» Continuously rotating telescope/scanner

| - Line of sight (LOS) wind profiles from each laser

shot

o ~ 20 J pulse energy

* ~ 1.5 m rotating telescope

* Requirement: eyesafe solid state pulsed laser
» 2-micron technology for coherent detection
« 20 mJ/5 Hz demonstrated vs. 20 J/10 Hz req.

- Energy deficiency of x1000 (30 dB) !




Laser Risk Reduction Program (LaRC-GSFC)

(NASA HQ Funded Directed Program 2001-2010)
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Roadmap to 3-D Winds Space Mission at NASA Langley
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Objectives & Technical Approach

Objectives

Develop related laser technologies leading to a
conductively cooled, diode-pumped high-energy and high-
efficiency 2-micron pulsed laser suitable for space-based
remote sensing Lidar applications to support science and
exploration missions.

Technical Approach

“Systematically conduct theoretical and experimental
research to develop related laser technologies included but
not limited to new laser materials, innovative cavity
designs, pump module designs, diode configurations,
advanced thermal management systems, creative
mechanical design and fabrication technologies.”



Technology Maturation Example

A fully conductively cooled 2-micron solid-
state pulsed laser has been demonstrated to
enable 3-D Winds from a space platform

Analysis &
Design

Quantum mechanical
development of new laser
materials Ho:Tm:LuLF

Space Qualifiable
Design

Quantum Mechanical L e
Modeling System Integration

Testing and
Model Verification



MOPA Schematic

Diode-pumped LuLiF,
I |

PZT Controller

Curved HR

PZT controlled Flat HR

Flat HR

Curved HR Q-Switch O.C. \
curved HR Diode-pmped LuLiF, Ampl A/I2 Wave plate
(< | | | B HR Prism
. [ — N 7 [ ey
2 45° HR Isolator
Diode-pmped LuLiF,Amp2 A2 Wave plate
I 3 | | | B [1 HR Prism /
1 1 1 457 HR oW
Seeder
Laser

Energy Meter




Amplifier One Output Energy (J)

0.6

0.5+

0.4

0.3

Amplifier Performance
(First and Second)

I L

150 mJ

6 7 8 9 10

Pump Energy (J)

11

12

System Output Energy (J)

1.3

A i SRS A Al Y
O 2 e 00 DS s Al BN

System Pump Energy (J)

| T T
1.2 Joules ¥ :
R — 511 mJ
8 10 12 14 16 18 20



Mobile Ground based High Energy Wind
Lidar Transceiver — LRRP/DAWN Funded

e Smaller Transceiver (Transmitter +
Table Top Transceiver Receiver)
(Transmitter + Receiver)  More energy 250 mJ/pulse, 10 pulses/sec.

90 mJ/pulse, 5 pulses/sec. 5.9” x11.6” x 26.5, 75 Ibs.; 15 x
3’x4’ Optical Table 29 X 67 cm, 34 kg
(no telescope or scanner) (no telescope or scanner)

* More robust

Previous implementation Small, Robust, 250 mJ per pulse
90 mJ per pulse



2-um Lidar Parameters

e Pulse energy =250 mJ

e Pulse repetition rate =5 Hz (currently at 10 Hz)

e Pulsewidth =200 ns

e Telescope aperture =15 cm

e Wavelength = 2053 nm (Ho:Tm:LuLiF)

e Data acquisition : 500 Ms/s, 8 bits, real-time processing

e Scan pattern: zenith view interleaved with 45-degree elevation cone

e Operations: run continuously up to 84 hours, unattended for long
periods



Ground-Based Hybrid Wind Lidar Demo
Winter 2009

GSFC 355-nm LaRC 2-1im
Doppler lidar Doppler lidar

» The LaRC mobile lidar is deployed as part of NASA HQ funded (ROSES-2007, Wind Lidar Science
Proposal entitled “Intercomparison of Multiple Lidars for Wind Measurements (Pl: Upendra Singh)
» Utilized NASA LaRC Compact DAWN Lidar Transceiver for 2-micron lidar

» Site at Howard University Research Campus in Beltsville, Maryland
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Genesis and Rapid Intensification Process (GRIP) Campaign
Coherent Pulsed Doppler Wind Profiling Lidar System

S Bl € eI R0 e BT & Complete System Utilizing Transceiver 3. Ground-based Wind
Packaged, Compact, Robust Measurement Performance
* RMS wind difference from

balloon sonde, 0 — 6 km
altitude, = 1.1 m/s and 5.8°
Measurement

Scenario * No alignment needed after
Lidar System interstate travel in trailer
Laser & Optics  Overnight unattended
operation
* Vertical winds to 11 km
altitude
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NASA Langley DC-8 Wind Lidar During GRIP (2010)
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Langley Research Center

Tropospheric Wind Lidar
Technology Experiment (TWILITE)
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Technology Development

Toward 3D-Winds

: Flew on the ER-2 in 2009 & .
\ 4 “‘wy* 2011 and is being configured 3D-Winds
AN _!, §> to fly on the Global Hawk for Decadal
p the Hurricane and Severe Surve
N Storm Sentinel (HS3) EV-1 S
‘& Mission in 2012, Mission

= Y the NASA GRIP campaign.
=8 Additional flights are planned P
on the B200. 1\4.4 o“u -

Test flights conducted on
the WB-57 in 2011.
IDL/ MDL testing, and an Observing System
Simulation Experiment (OSSE) are planned
for 2012.

Demonstrations / Campaigns Science Measurements



3-D Winds Mission Science and Techpology Roadmap

------------------

. FUTURE
. SCIENCE /4/
' CAMPAIGNS ! |

WLS

DAWN-AIR2

DAWN-AIR1




LaRC Partnership with Fibertek for Space Qualifiable 2-
micron Laser Development for NASA 3-D Wind Mission

» Laser Risk Reduction Program (ESTO) - 2001-'10

»LaRC has demonstrated fully conductively cooled
oscillator/amplifier to 400 mJ, 5 Hz (08/07)

Partnership with Fibertek:
» Innovative Partnership Program (LRRP/ESD/Fibertek)

»3-m cavity, 792 nm pumped, conductively cooled 200 mJ, single
frequency output at 5 Hz — first generation

» Advanced Component Technology (LaRC/ESTO/Fibertek)

» Compact, 1-meter cavity, 808 nm pumped, fully conductively
cooled laser transmitter delivering wind quality 250 mJ 10 Hz
output for 3-D Wind mission



Innovative Partnership Program (LRRP/ESD/Fibertek)

2007-2010
(PI: Singh, Co-I: Yu, Kavaya LaRC; Co-I: Hovis, Fibertek)

Single frequency 2-micron Laser (200 mJ/5Hz) built and
delivered by Fibertek to NASA LaRC
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2-micron Risk Reduction Laser Transmitter



Design and Fabrication of a Breadboard, Fully Conductively Cooled, 2-Micron,
Pulsed Laser for the 3-D Winds Decadal Survey Mission

PI: Upendra Singh, NASA LaRC

Objective

* Design and fabricate a space-qualifiable, fully
conductively-cooled, 2-micron pulsed laser breadboard
meeting the projected 3-D Winds mission requirements

 Utilize improvements in key technologies including
high-power, long-life space-proven 804 nm pump
diodes; derated diode operation, and heat pipe
conductive cooling

2-Micron Space Qualifiable
Pulsed Laser for 3-D Winds
Left: early breadboard,
Above: ruggedized laser

 Perform a long-duration life test on the laser system to
evaluate mission readiness.

head
Approach Key Milestones
* Leverage LaRC 2-micron laser development from « Complete laser mechanical design update 01/13
earlier’efforts and improved laser thermal modeling
* Utilize Fibertek CALIPSO mission flight laser design « Assemble and test heat pipe cooled module  04/13

and development knowledge Fabricate and test ring laser with heat pipe 12/13
 Upgrade previous Fibertek two-micron laser design cooled module

for flight-like laser based on space heritage * Install and test amplifiers 03/14
« Utilize space-ready, sealed cylindrical package * Integrate with canister and test 04/14
« Perform vacuum and lifetime tests while operating at * Vacuum-test laser : 10/14
the output requirements of the 3-D Winds mission * Complete 8 months of life testing 03/15

Complete analysis and performance testing  04/15

Co-Is/Partners: Jirong Yu, Michael Kavaya, LaRC; TRL;, =3 TRL ypent = 3

Floyd Hovis, Tim Shuman, Fibertek, Inc.  ——
04/1 Cs'j TQ
2 €arth Science Technology Office




Objectives of ACT

e Advance the technical maturity of a solid
state 2 um laser to TRL-5

e Fabricate a ruggedized, conductively-cooled,
high energy solid state 2 um laser transmitter
meeting the performance requirements of an
alrborne or space-borne coherent detection
or hybrid wind LIDAR system

e A thermal vacuum test will be used to
demonstrate achievement of TRL-5




Basic Performance Goals

Wavelength 2.053 microns
Laser Pulse Energy 250 mJ
Repetition Rate 10 Hz

Pulse Width >100 ns
Beam Quality M2< 1.2

Pulse Spectrum

Single frequency (seeded)

Cooling

Conductively cooled via heat pipes

Laser Head Size

23.9"x 14" x 7.7" (Lx W x H)
Including heat pipes and condenser

24




Langley Research C&ﬂer

onductively Cooled 2 um Laser in

Expanded ICESat-2 Housing

Box dims: 19"x11"x7.1” (LXWxH)
ICESat-2: 16"x11"x4.4” (LXWxH)
Mounting feet for illustration only

Housing itself: 19"L x 11"W x 6.1"H
Complete assembly : 23.9"L x 14"W x 7.7"H




Conductively Cooled Laser
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Pump Module Design &
Hardware

27
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Thermal Management Performance

e Heat pipes are able to cool the laser with a
total input load of 199.5 W
— 3.6 J design point corresponds to a load of 180 W
— Peak of diode emission ~792 nm at -30°C chiller

setpoint
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Initial Pressure Test

T S —

e « =

o Filled sealed housing with ~5
psi of helium

o Used helium sniffer around all
joints and screws to look for
leaks

o None found meaning
structure seals are sufficient
for the thermalvac test

29



Advancements Dramatically Lower Risk of Winds Space
Mission

Past

Today

525 km

400 km

12 cross-track positions

2 cross-track positions

1 shot measurement

Multiple shot
accumulation

Continuously rotating
1.5 m telescope

4 stationary 0.5 m
telescopes

Single coherent Doppler
lidar

Dual coherent & direct
hybrid Doppler lidar

Gas laser

Solid-state eyesafe laser

20 mJ 2-micron solid
state energy

1200 mJ 2-micron solid
state energy

Space required energy = |
20)J

| Space required energy =

0.25)

Conductively Cooled
Laser

Energy deficit = 1,000

Energy surplus =5

> From a 20-J, 10-Hz gas laser with 1.5-m diameter rotating telescope, to a 0.25-J, 10-Hz solid-state

eyesafe laser with non-moving 0.5-m telescopes!




Questions?

??
W,

\



	�����Upendra N. Singh, Jirong Yu, Michael J. Kavaya, Mulugeta Petros and Grady J. Koch �NASA Langley Research Center, Hampton, Virginia 23681 USA�Timothy Shuman and Floyd Hovis�Fibertek, Inc, Herndon, Virginia, USA�� ���������
	 Outline     
	Slide Number 3
	Slide Number 4
	Early Mission Concept for Earth Winds�Laser Atmospheric Wind Sounder (LAWS)
	Slide Number 6
	Slide Number 7
	Objectives & Technical Approach
	Technology Maturation Example
	MOPA Schematic
	Amplifier Performance
	Slide Number 12
	Slide Number 13
	Ground-Based Hybrid Wind Lidar Demo�Winter 2009
	Comparison of Coherent Lidar and Sonde
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	LaRC Partnership with Fibertek for Space Qualifiable 2-micron Laser Development for NASA 3-D Wind Mission 
	Innovative Partnership Program (LRRP/ESD/Fibertek)�2007-2010 �(PI: Singh, Co-I: Yu, Kavaya LaRC; Co-I: Hovis, Fibertek)�
	Design and Fabrication of a Breadboard, Fully Conductively Cooled, 2-Micron, Pulsed Laser for the 3-D Winds Decadal Survey Mission
	Objectives of ACT
	Basic Performance Goals
	Slide Number 25
	Conductively Cooled Laser Design
	Pump Module Design & Hardware
	Thermal Management Performance
	Initial Pressure Test
	Slide Number 30
	Slide Number 31

