Response to Question pertaining to RFQ # NNL04052595Q

April 13, 2004

Question:   we seek information about: value, quantity, size, configuration, diode mounting approach, heat transfer requirements (both into and out of the submount), heat capacity of the submount, structural requirements, and general information about the advantages of a 3D high thermal conductivity submount in what is most likely a 1D application.

Response: Laser diode arrays (LDAs) are used as the pump source for energizing the solid state lasing media to generate an intense coherent laser beam with a high spatial and spectral quality. The performance, reliability, and lifetime of solid state lasers are generally constrained by their high power pump LDAs.  One of the leading causes of LDA degradation and premature failure is excessive localized heat within the laser diode active region. Our work focuses on the LDAs used for pumping 2-micron solid state lasers.  The pump requirements for high pulse energy 2-micron solid state lasers are substantially different from those of more widely used Neodymium based 1-micron lasers and in many aspects more challenging. The 2-micron lasers require much longer pump pulse duration (~ 1msec) than 1-micron lasers (~ 0.2 msec), which causes the laser diode active material to experience drastic thermal cycling. This translates to a much shorter lifetime compared to the laser diodes used for 1-micron lasers.
NASA’s plan is to utilize advanced composite materials with high thermal conductivity as primary heatsink for the laser diode bars.  In addition to high thermal conductivity, the heatsink material must have a coefficient of thermal expansion (CTE) that closely matches that of the laser bars in order to reduce the mechanical stresses on the bars.  The bars are typically 1 cm long and about 0.1 mm wide.  The laser bar composition is GaAs substrate with InGaAsP active region.  The heatsink blocks are about 0.3 mm wide.  The LDAs of interest to us consists of 7 heatsink blocks sandwiching the 6 laser bars.  There is also a high thermal conductivity block under the array for conducting the heat from the bars to a cold plate.  The general specifications of the bars are:

Peak power:   100W

Pulse Duration:  1msec

Duty Factor:  1% to 2%

Efficiency:  48%  (Electrical to optical)

Operating temperature:  15C - 25C

At the present time, there is no specific structural requirements aside from the fact that these devices are to survive space launch and environment.  The need for 3-D heat conductivity is best illustrated in the attached schematic showing the heat path from the laser bar to the cold mounting plate of the LDA. The attached schematic also illustrates the LDA geometry for a single bar.  

