Summary of Thermal Solutions
The thermal model is for a 10cm wide detector by 2.5cm long, populated with 10 chips.  The chips reside on a dielectric hybrid mounted onto a BeO substrate.  This unit is mounted onto the surface of the silicon detector, which is in turn, mounted a dielectric cable.  

The construction variables in this series of solutions are the composite facing thickness and the composite laminate thermal conductivity.  The dielectric cable is bonded to the composite facing.  Properties, thickness and thermal conductivity, for each of the bonded interfaces are included in the thermal FEA. Figure 1 is a view of this model.  The descriptor K13D2U_21mm refers to a laminate composed of K13D2U fibers and EX1515 resin, which has a thickness of 0.21mm.
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Figure 1: FEA model used in CFDesign to calculate thermal gradient from chip to the single U-Tube that is bonded to the composite facing through a POCO foam saddle.

In each solution case, the Aluminum coolant tube surface is set at -22ºC.  This presumes that the bulk fluid (evaporating fluid) temperature is -25ºC, allowing 3ºC for heat transport from the tube surface to the internal fluid.  Admittedly, this temperature drop is dependent upon the overall heat transfer, but our experience shows it is reasonable for the highest dissipated power used herein.
Chip power was varied in three discrete steps, 500, 250, and 125 mW per chip respectively.  At For chip power below 500 mW per chip the 3ºC allowance for internal coolant convection becomes quite conservative.
Table 1 lists the spread in properties used in the analysis.  A key is to understand how thin one can make the laminate without impacting thermal performance.  To make the solutions more realistic, we calculated the laminate thermal properties for each proposed lay-up.  The thinnest facing option, being unbalanced, has bending-extension coupling. An isolated facing of the material would twist if pulled in tension.  Theoretically when used in a sandwich construction, as planned here, the structure becomes balanced.  Thus, this undesirable trait is theoretically precluded through construction.

Table 1: Property Listing for the Composite Sandwich Laminate Facing 

	Vf=55%
	Kaxial
	Ktransverse
	Kthickness
	#layers
	Lay-up

	
	W/mK
	
	

	0.7mm
	352.3
	89.1
	1.31
	10
	90/0/0/0/0/s

	0.42mm
	220.7
	220.7
	1.31
	6
	0/60/-60/s

	0.21mm
	220.7
	220.7
	1.31
	3
	0/60/-60 (unbalanced


Table 2: Solution Results for Three Laminate Thickness Values and Predicted Laminate Thermal Properties as a Function of Chip Power.
	
	Chip Power

(mW/chip
	Surface Heating

(mW/cm2)
	Detector Surface Temp

(ºC)
	Max ΔT to Detector

(ºC)
	Min ΔT to Detector

(ºC)

	
	
	
	Lowest
	Highest
	Average
	
	

	0.42mm
	500
	33.68
	-12.30
	-9.93
	-10.69
	12.07
	9.7

	
	250
	17.78
	-17.11
	-15.92
	-16.30
	6.08
	4.89

	
	125
	12.96
	-19.37
	-18.75
	-18.95
	3.25
	2.63

	

	0.70mm
	500
	47.04
	-10.04
	-7.12
	-8.08
	14.88
	11.96

	
	250
	19.94
	-16.22
	-14.78
	-15.22
	7.22
	5.78

	
	125
	14.0
	-18.90
	-18.14
	-18.39
	3.86
	3.1

	
	
	
	
	
	
	
	

	0.21mm
	500
	44.2
	-11.4
	-7.70
	-9.01
	14.3
	10.6

	
	250
	19.28
	-16.24
	-15.01
	-15.66
	6.99
	5.76

	
	125
	13.84
	-19.22
	-18.26
	-18.60
	2.78
	2.78

	
	
	
	
	
	
	
	


Note: 3ºC should be added to the ΔT columns, since the data is referenced to -22ºC coolant tube surface temperature.
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