Procurement of Laser Diode Arrays (LDAs) for ICESat II

The procurement of the Laser Diode Arrays (LDAs) for the ICESat II laser system shall consist of two phases. During the first phase all the bars necessary to construct all the LDAs (for phases I and II) must be manufactured (total of ~1700 usable bars). A representative sample of the bars  must be used to manufacture representative samples of LDAs (10 G2, 10 G4, and 15 G11) which shall be delivered to Goddard Space Flight Center to undergo a series of test to determine their suitability for space applications (Testing shall be performed by Goddard personnel). During the second phase and upon successful testing of initial stacks all remaining bars must be converted to LDAs (50 G2, 50 G4, and 100 G11) for use in the construction of space lasers. 
STATEMENT OF WORK

The work described in this statement consists of three tasks. Task 1 and 2 shall be performed in Phase 1, while Task 3 shall be performed in Phase 2.
Task 1: Initially the necessary semiconductor wafers must be grown and tested (enough wafers shall be grown to yield 1700 usable bars, or enough bars to yield 60 G2, 60 G4, and 115 G11 LDAs). All the bars must be manufactured and received with appropriate coatings. These laser diode bars must comply with all the bars specifications and conditions laid out on page 2.  
Task 2: Using a small representative quantity of bars (from Task 1) shall be used to manufacture 10 G2, 10 G4, and 15 G11 diode laser stacks. These diode lasers stacks must comply with all the stacks specifications and conditions laid out on page 3 and 4.  
Task 3: Pending specification validation and qualification of initial stacks the remaining quantity of bars (from Task 1and 2) shall be used to manufacture 50 G2, 50 G4, and 100 G11 diode laser stacks. These diode lasers stacks must comply with all the stacks specifications and conditions laid out on page 3 and 4.  

In the case that the diodes stacks are determined to satisfy the project requirements a second purchase order may be issued to convert the remaining bars to stacks. Otherwise, these remaining bars must be used to manufacture future stacks with a separate procurement order. This decision is not only based on the qualitative and quantitative judgment but also on best interests of the project as a whole. 
The supplier/vendors shall be responsible for storing all the bars in a clean environment (class 1000 or better) until Phase I diodes are tested and accepted by Goddard personnel. 
The anticipated schedule of the various phases is shown in table 1,

Table1: Timeline for LDA delivery
	
	Description
	Duration

	1
	Final specifications review 
	1 week

	2
	Semiconductor wafer growing and bar manufacturing and Sample LDA manufacturing
	Vendor

	3
	LDA performance verification, screening, testing and acceptance. Decision (made by NASA personnel) on the manufacturing of remaining LDAs
	5-6 months

	4
	Manufacturing of rest of the stacks made out of remaining bars
	Vendor


The procured LDAs shall be used for the construction of space borne laser systems.

Potential suppliers shall submit a clear and detailed manufacturing and testing plan. It is critical that all processes are well described and all test data is properly communicated to GSFC personnel. 
RFI responses shall address the following areas of interest:

1. Wafer preparation prior to growth
2. Wafer characterization and analysis after growth. Supplier must provide (for review) the full description of the measurements and procedures which must be done on the wafer and (or) bar level to insure that final laser diode arrays satisfy LDA performance requirements as presented in Table 3.
3. Bar processing after wafer cleaving, type of coating, and bar selection criteria. 

4. Detailed manufacturing plan describing all steps and material involved in the development of a LDA
5. Tracking of LDAs during manufacturing (images, work orders, checkout procedures, etc)

6. LDA characterization after integration and success criteria

7. Burn-in approach. Other characterization/qualification prior to shipping

8. Contamination control during all phases of LDA manufacturing and handling.

9. Reject thresholds, what makes the company reject an assembled LDA
10. Relevant extended long term testing of similar LDAs operating in QCW mode (CW testing is not of interest) in vacuum and/or air operation. 
11. Previous space flight experience of similar LDA packages operating in QCW mode. Provide specific type and quantity of LDAs supplied.

12. Reliability analysis of QCW LDA

13. Complete list of material used during the manufacturing process. (from wafer to assembled LDA)

14. Description of facilities where all operations take place.

15. Production volume of similar LDA packages (QCW G package) in the last 5 years

The following pages describe the required specifications of the bars and LDAs. Table 2 lists the bar specifications while table 3 and the accompanied notes and figures outline the necessary specifications of the laser diode arrays (i.e. when the bars are converted to stacks)

Table 2: Bar Specifications

	Material
	Aluminum free emitters 

	LDA Mode of Operation
	Quasi-Continuous Wave (QCW)

	Max operating current
	at least 100A

	Peak Output Optical Power
	100W at 100A per bar

	Operating Wavelength
	When bars are converted to stacks, the emission wavelength must be centered at 808nm+/- 2 nm (best effort: 808 +/- 1.5 nm), at the following operating conditions:

G2 operating conditions: 25 ºC @ 70A
G4 and G11 operating conditions: 25 ºC @ 75A


Assembled LDAs shall satisfy the following specifications.

Laser Diode Array (LDA) SPECIFICATIONS

Table 3: Specification for laser diode arrays (QCW operation, G-package)

	Parameter
	Characteristics
	Units

	
	2-bar
	4-bar
	11-bar
	

	Case operational temperature
	25
	ºC

	Spacing between bars (pitch)
	400
	μm

	Operational pulse width
	200 
	μs

	Repetition rate
	20-150 
	Hz

	Duty cycle rating
	> 3
	%

	Max Peak optical power (QCW)
	200
	400
	1100
	W

	Maximum forward current
	(100
	A

	Voltage
	( 5
	( 8
	( 22
	V

	Efficiency
	~ 50 at 55A

( 50 at > 55A
	%

	Emission wavelength
	808 ( 2 (guaranteed)

808 ( 1.5 (best effort) 

G2 Operating Conditions: 25 ºC and 70A 

G4 and G11 Operating Conditions:  25 ºC and 75A 
	nm

	Emission bandwidth (FWHM)
	< 3 
	nm

	Lifetime (at 20% power drop)
	( 3x109  

at 90A, 25 ºC, 200 μs pulse width, 3% duty cycle
	Shots

	Survival Temperature
	-50 to +80
	ºC

	Beam Divergence
	Better than 40x10 (FWHM)
	Degrees


Geometrical Specification:  (See figures 1, 2 and 3)   

· Type of stacks: G-type package or approved equal (figure 1)

· Emitting  surface of the LDA shall be uniform and free of geometrical abnormalities such as excess solder or warped edges. 

· Emitters must be the highest point on stack  (figure 1)

· For 2-bar and 4-bar stacks: Emitters must be equidistant from center of base (as shown in figure 2)

· For 11-bar stacks: The emitters of the middle (6th) bar must be aligned with center of base ((  0.01 mm, as show in figure 3)

Cleanliness Specifications

· Solder used in the LDA assembly must be free of bubbles
· No particulate or defect shall exist on the emitter area or on the overall surface of the LDA  
Other:

- “Hard-soldered” devices and operable in vacuum environment. (The vendor should provide a complete list of materials that are used to manufacture the diode stack )

- Every data sheet accompanying the devices shall provide P-I and Efficiency-I curves up to (at least) 100A, at the following operating conditions: 

25 ºC, 200 μs, 100Hz (2% duty cycle)

Furthermore spectrum curves at: 70A for 2-bar stacks and at 75A for 4-bar and 11-bar stacks must be provided at the same operating conditions (as above). 

- Provide a full description of the measurements and procedures which shall be performed on the wafer and (or) bar level to insure that final laser diode stacks shall satisfy performance requirements such as emitting in specified wavelength range at specified temperature. 

- Provide characterization data which must be done on the wafer (bar) level for the delivered bars.

- Provide all inspection data (photographic images, thermal images, and/or other relevant information) as performed prior to delivery. 

- Provide mechanical drawing of the proposed diode stacks 

- Provide the source wafer I.D. of each bar in delivered stacks. 

- Provide qualification criteria for stacks. These should include the final inspection criteria regarding the cosmetic appearance of the stacks such as bar facet and heat sink contamination, bar coating defects, etc. 
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Figure 1: General drawing of diode stack
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Figure 2: Drawing and specification of G2 and G4 stacks
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Figure 3: Drawing and specification of G11 stacks 
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