Representative Task Order (RTO) #1
Title: Space Laser System Design

Period of Performance: 6 month period 
Place of Performance: Off-site at contractor’s facility

Task Background: Development of a space flight laser system design is a challenging task.  Specific performance parameters, long lifetime, and limited resources (mass, power, volume etc) are some of the specifications that are needed to meet measurement goals and/or keep mission costs at a minimum.  
Special Considerations: 

1. The term “design” shall be defined as a full set of specifications, drawings, sensitive assembly or alignment procedures, modeling/analysis/simulation results, and prototype data (as appropriate) that shows each parameter is satisfied by the design proposed.  Note: the drawings and procedures shall be sufficient to procure, manufacture, and assemble as a stand-alone product.  

2. For this RTO, the term “satisfies” shall be defined as “the complete product at its highest level of assembly meets all requirements in Table 1 after being subjected to the environments described by the first 2 rows of Table 2 and during measurement of the criteria specified by the 3rd row of Table 2.”

3. Work shall be performed consistent with the GSFC Rules for Design, Development, Verification and Operation of Flight Systems (GSFC-STD-1000-D) and GPR 1860.2 Rev A. Laser Radiation Protection.
4. In their response, vendor shall describe the characteristics and approach of the design.  Example approaches are what type of laser architecture is employed, re-use of existing design(s) (if any), contamination levels, etc.  Example characteristics of the design are what modeling/simulation/analysis results will be included (including level of detail), what breadboard/prototype data is necessary, etc. 

5. If vendor has evidence demonstrating that their proposed design meets the requirements given (either partially or wholly), that evidence shall be included in the response. 

6. The Laser design provided by the vendor for consideration shall be no less than Technology Readiness Level 6 (TRL-6.) The vendor shall provide evidence of the proposed laser design meeting the TRL-6 requirement (see TRL definition at the end of this RTO).
7. The Government will not provide on-site facilities to perform the requirements under this task.

Task Requirements:  

1. Analyze the specifications under Tables 1 & 2 to develop a space flight laser.

2. Deliver a space flight laser design that satisfies the specifications given in Table 1 & 2.  
3. Provide requirements verification matrix showing the design's margins against the Table 1 performance requirements.
4. Describe the characteristics and approach of the design.  Example approaches are what type of laser architecture is employed, re-use of existing design(s) (if any), contamination levels, etc.
5. Detailed description of the design characteristics; modeling, simulation and analysis of results shall be included showing the laser performance meeting the requirements.  Modeling results shall show the intracavity fluence of the laser resonator, fluence shall be calculated for every optical surface within the laser cavity.
Performance Specifications: The required specifications for the laser system are presented in Tables 1 and 2 

Table 1: Laser System Operational Requirements (all parameters shall be measured in vacuum)

	Transmitted Pulse width:  
	5 ns ± 1ns

	Number of longitudinal mode:
	1

	Longitudinal Mode Hop
	Laser can mode hop but needs to maintain single frequency (no mode beating)

	Energy per Transmitted Pulse:
	≥ 50 mJ

	Pulse to Pulse Energy Fluctuation:
	± 10%

	Pulse Repetition Frequency: 
	50Hz

	Center Wavelength (Vacuum): 
	1064.5 nm ± 100 pm

	Center Wavelength Jitter: 
	± 200 pm

	Divergence: 
	110  ± 10% μrad

	Far Field Pattern: 
	Smooth central-lobed pattern with M2 < 2

	Far Field Circularity: 
	> 0.67

	Exit Beam Size: 
	30±5 x 30±5 mm2 

	Max. Pointing Jitter: 
	10% of beam divergence (shot to shot)

	Barometric Pressure In Laser Cavity:
	Roughly 1 atm

	Pointing Stability: 
	± 10% of beam divergence over Operational Temperature Range

	Lifetime: 
	Meets all requirements after 6 yrs of non-op followed by 1.25 years of continuous operation, all in a vacuum environment 

	Maximum Prime Electrical Power: 
	< 200W running @ 28VDC

	Volume: 
	< 0.02 m3 envelope

	Mass (excluding external interface harnesses but including all internal harnesses and laser electronics): 
	< 15 Kg

	LDA Current Derating: 
	30% derating of Imax at beginning of life

	# of Moving Parts: 
	0

	# of Optical Surfaces in Path of Beam: 
	Kept at a minimum


Table 2: Laser System Environmental Requirements

	Launch Dynamic Environment: 
	Per General Environmental Verification Specification (GEVS) workmanship loads Table 2.4-3

	Survival Temperature in Vacuum: 
	At least 0 to 50 C with no survival heater power

	Operational Temperature Range in Vacuum:
	A vendor-chosen ± 2 deg C band in the 10 to 35 C range

	Electromagnetic Emission and Susceptibility: 
	Per GEVS section 2.5

	Total Radiation Dose:
	Equivalent of 30 krads total through 50 mil of shielding


Deliverables:

	Number
	Description 
	 Due Date 
	Deliver to 

	1
	Space Flight laser design - 
	End of the performance period 
	Task Monitor via electronic submission

	2
	Laser design model and analyses


	End of the performance period
	Task Monitor via electronic submission

	3
	Provide requirements verification matrix showing the design's margins against the Table 1 performance requirements.

	End of the performance period
	Task Monitor via electronic submission


[image: image1.png]Definition Of Technology Readiness Levels

TRL 1 Basic principles observed and reported: Transition from scientific research to applied
research. Essential characteristics and behaviors of systems and architectures. Descriptive tools
are mathematical formulations or algorithms.

TRL 2 Technology concept and/or application formulated: Applied research. Theory and
scientific principles are focused on specific application area to define the concept. Characteristics
of the application are described. Analytical tools are developed for simulation or analysis of the
application.

TRL 3 Analytical and experimental critical function and/or characteristic proof-of-
concept: Proof of concept validation. Active Research and Development (R&D) is initiated with
analytical and laboratory studies. Demonstration of technical feasibility using breadboard or
brassboard implementations that are exercised with representative data.

TRL 4 Component/subsystem validation in laboratory environment: Standalone prototyping
implementation and test. Integration of technology elements. Experiments with full-scale
problems or data sets.

TRL 5 System/subsystem/component validation in relevant environment: Thorough testing
of prototyping in representative environment. Basic technology elements integrated with
reasonably realistic supporting elements. Prototyping implementations conform to target
environment and interfaces.

TRL 6 System/subsystem model or prototyping demonstration in a relevant end-to-end
environment (ground or space): Prototyping implementations on full-scale realistic problems.
Partially integrated with existing systems. Limited documentation available. Engineering
feasibility fully demonstrated in actual system application.

TRL 7 System prototyping demonstration in an operational environment

(ground or space): System prototyping demonstration in operational environment. System is at
or near scale of the operational system, with most functions available for demonstration and test.
Well integrated with collateral and ancillary systems. Limited documentation available.

TRL 8 Actual system completed and "mission qualified" through test and demonstration in
an operational environment (ground or space): End of system development. Fully integrated
with operational hardware and software systems. Most user documentation, training
documentation, and maintenance documentation completed. All functionality tested in simulated
and operational scenarios. Verification and Validation (V&V) completed.

TRL 9 Actual system '"'mission proven' through successful mission operations (ground or
space): Fully integrated with operational hardware/software systems. Actual system has been
thoroughly demonstrated and tested in its operational environment. All documentation
completed. Successful operational experience. Sustaining engineering support in place.





REPRESENTATIVE TASK ORDER (RTO) #2
Title: Build-to-print construction and test of 2 space flight lasers.

Period of Performance: 9 month period

Place of Performance: Off-site at contractor’s facility

Task Background: Once initial prototypes are constructed and verified, NASA GSFC may look to the vendor to build and test further space flight lasers.  The Government shall furnish the design, assembly procedures, piece-parts and piece-parts test data package.
References: 

1.
Troupaki, E. et al.  "Space Qualification and Environmental Testing of Quasicontinuous Wave Laser Diode Arrays" Journal of Applied Physics 100, 063109-1 - 063109-5 (2006).  

2. Vasilyev, A. et al. "The Reliability of the Laser Diode Arrays." Photonics for Space Environments XI, Vol. 6308, 63080G-1 - 63080G-10, (2006).
3. Afzal, R.S.; Yu, A.W.; Dallas, J.L.; Melak, A.; Lukemire, A.T.L.; Ramos-Izqueirdo, L.; Mamakos, W., "The Geoscience Laser Altimeter System (GLAS) Laser Transmitter," Selected Topics in Quantum Electronics, IEEE Journal of, vol.13, no.3, pp.511-536, May-June 2007.
http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=4244402&isnumber=4244401
References are presented for informational purposes only and not intended to convey actual requirements.

Special Considerations: 

1. The contractor shall assume, for the purpose of this RTO, that all untested piece parts (laser diode arrays, Cr:Nd:YAG slabs, optical components, opto-mechanical parts, EEE parts, laser electronics assembly, etc) to build the space flight lasers shall be furnished by the Government.

2. Selection of laser diode arrays (LDAs) from a pool of LDAs for flight laser use is critical.  Careful selection of LDAs is a key element in minimizing laser performance variation over the operation temperature range in orbit.  Experience with ranking and pairing of LDAs for various pump modules (oscillator, preamplifier and amplifier) within the flight lasers is necessary.  The contractor shall demonstrate how the LDA process control will be embodied during performance testing, indexing and tracking of parts throughout the build process.
3. Selection of Cr:Nd:YAG zig-zag slabs from a pool of slabs for flight laser use is critical.  Careful selection of slabs for the oscillator, pre-amplifier and amplifier are key elements in optimizing laser performance over the operation temperature range in orbit.  Experience with ranking and selection of slabs for various pump modules (oscillator, preamplifier and amplifier) within the flight lasers is necessary.  The contractor shall demonstrate how process control will be embodied during performance testing, indexing and tracking of parts throughout the build process.  

4. The term “test” in this RTO shall be interpreted to mean “acceptance tests” and applied to a design that has been qualified via a dedicated qualification unit prior to the start of flight build (and outside of this RTO).

5. The contractor shall assume, for the purposes of this RTO, that they will be given sufficient opportunities to observe the construction, qualification, and acceptance testing of a previously built space flight laser, of the same design. 

6. Mechanical drawings of the laser shall not be provided.  Please see reference on the Geoscience Laser Altimeter System (GLAS) laser transmitter publication for details on the laser design and qualification processes.  The contractor shall assume that the laser that’s build-to-print is similar to the GLAS laser with the following modifications: (1) The enclosure shall be pressurized as opposed to an evacuated one used on GLAS and (2) elimination of the doubling crystal, this will be a single wavelength transmitter at 1064 nm.  In operational side, the current draw by the pre-amplifier and amplifier modules shall be derated by >30% to meet the lower energy requirement as stated in Table 1.
7. For any NASA GSFC property that will be removed from the confines of the NASA Goddard Space Flight Center, a shipping plan shall be supplied in the proposal.

8. The Government will not provide any on-site facilities to perform the requirements under this task. 

Performance Specifications:

Table 1: Laser System Operational Characteristics (all parameters shall be measured in vacuum)

	Transmitted Pulsewidth:  
	5 ns ± 1ns

	Energy per Transmitted Pulse:
	≥ 50 mJ 

	Pulse to Pulse Energy Fluctuation:
	±10%

	Pulse Repetition Frequency: 
	50Hz

	Center Wavelength (Vacuum): 
	1064.5 nm ± 100 pm

	Center Wavelength Jitter: 
	± 200 pm

	Divergence: 
	110  ± 10% μrad

	Far Field Pattern: 
	Smooth central-lobed pattern with M2 < 2

	Far Field Circularity: 
	> 0.67

	Exit Beam Size: 
	30±5 x 30±5 mm2 

	Max. Pointing Jitter: 
	10% of beam divergence (shot to shot)

	Pointing Stability: 
	±10% of beam divergence over Operational Temperature Range

	Lifetime: 
	Meets all requirements after 6 yrs of non-op followed by 1.25 years of continuous operation, all in a vacuum environment 


Table 2: Laser System Engineering Characteristics

	Launch Dynamic Environment: 
	Per GEVS workmanship loads table 2.4-3

	Survival Temperature in Vacuum: 
	At least 0 to 50 C with no survival heaters

	Operational Temperature Range in Vacuum:
	A vendor-chosen ± 2 deg C band in the 10 to 35 C range

	Survival Temperature in Vacuum: at least 0 to 50 C with no survival heaters
	at least 0 to 50 C with no survival heaters

	Electromagnetic Emission and Susceptibility: 
	Per GEVS section 2.5

	Maximum Prime Electrical Power: 
	< 200W running @ 28VDC

	Volume: 
	< 0.02 m3 envelope (nominal dimension of 0.50x0.15x0.25 m3 envelope)

	Mass (excluding harnesses to power source and C&T handing but including all internal harnesses): 
	< 15 Kg

	LDA Current Derating: 
	> 30% at BOL

	# of Cavity Modes Supported: 
	1

	# of Moving Parts: 
	0

	# of Optical Surfaces in Path of Beam: 
	to be kept at a minimum


Task Requirements:
1. Establish a set of screening process; ranking criteria; selection and pairing scheme for the laser diode arrays (LDAs) used for the oscillator, preamplifier and amplifier pump modules.  Demonstrate how process control will be embodied during performance testing, indexing and tracking of parts throughout the laser build process.
2. Establish a set of screening process; ranking criteria; selection and pairing scheme for the Cr:Nd:YAG slabs for the oscillator, preamplifier and amplifier pump modules.  Demonstrate how process control will be embodied during performance testing, indexing and tracking of parts throughout the laser build process.
3. Describe the philosophy in piece-parts (limit discussion to optics, slabs, LDAs) processing, indexing if applicable, and tracking during the laser build process.

4. Describe the philosophy in sub-assemblies (limit discussion to optics-to-mount, slab-to-mount) processing, indexing if applicable, and tracking during the laser build process.

5. Design a test station for in-situ verification of laser performance during and at completion of the laser assembly process.  The test station shall be capable of providing real time monitoring of laser parameters as described in Table 1, except for the lifetime requirement.
6. Describe a design of experiment to provide confidence of meeting the lifetime requirement as stated in Table 1.

7. Deliver 2 space flight lasers from government furnished drawings, GSE, assembly and test procedures, flight piece-parts, and test support equipment.  Consumables such as solder and polymerics shall not be provided.   

Deliverables: 
	Item
	Description
	Schedule
	Delivery Method

	1
	Two space flight lasers passing all acceptance tests.
	At the end of the performance period 
	Two space flight lasers hardware.  The lasers shall be kept in a clean and controlled environment for storage and transport to GSFC.  Cleanliness, ESD and contamination controlled protocols shall be maintained during transport to GSFC. 

	2
	Description of a screening process; ranking criteria; selection and pairing scheme for the laser diode arrays (LDAs) use for the oscillator, preamplifier and amplifier pump modules.  
	With deliverable #1.
	Task Monitor via email and/or CD or DVD.  All original documents with signatures shall be shipped to directly to TM.

	3
	Data package for deliverable #1.  Data package includes all manufacturing and quality logs (including inspection photos), pedigree/certs for non-GFEed materials, as-run copies of all procedures, test reports, anomaly reports, and any other quality records necessary to document the work performed.
	With deliverable #1.
	Task Monitor via email and/or CD or DVD.  All original documents with signatures shall be shipped to directly to TM.

	4
	All remaining piece-parts, GFEs, GSE.
	With deliverable #1
	All parts and equipment shall be packaged for safe transport to GSFC.
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