Finite Element Model of CCD
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Fig. 1 CGD FEA Model
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A finite element model is analyzed for SNAP CCD package. Thermal deformation of the package from room temperature (300 K) to 140 K is calculated. 

Based on symmetry, only a quarter of the package is modeled. Figure 1 shows the model with thickness of each layer. For simplicity, details are not modeled. The box material can be either Invar 36 or SiC. Therefore we need to do the analysis for both materials.
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Material properties of the epoxies are investigated by H. Cease et al (Fermilab-TM-2366-A, 2006). Material properties for AlN can be found from NISTIR 5030 (N. J. Simon, 1994). Material properties of Inver 36 are found from internet (hightempmetals.com). Properties for silicon carbide is found from www.accuratus.com. Material properties of silicon can be found from the website: http://www.ioffe.rssi.ru/SVA/NSM/Semicond/Si, Material properties for flex circuit is found in DuPont Tech info (DuPont Pyralux AP All-Polyimide Flexible Laminate). All the material properties used in the model are summarized in Table A, where material properties are calculated as E = E0 + E1 T, T is the temperature in K. 
Table A. Material Properties used in the FEA Model
	
	CCD silicon
	Epotek 301-2
	AlN
	Hysol 9361
	Inver 36
	Flex

circuit
	SiC

	Young’s modulus E (MPa)
	9.8e4
	8518
	3.2e5
	9827
	1.483e5
	4826
	4.1e5

	Temp Coef of E (MPa/K)
	
	-16.21
	
	-29.31
	
	
	

	Poisson’s Ratio 
	0.25
	0.351
	0.24
	0.2795
	0.32
	0.3
	0.14

	Temp Coef of  (1/K)
	
	
	
	0.533e-3
	
	
	

	Thermal Expansion Coef   (ppm/K)
	0.1
	12.6
	4.5
	-1.7
	2
	25
	4

	Temp Coef of  (ppm/K2)
	0.009
	0.058
	
	0.179
	
	
	


The load applied is the temperature (140 K reference to 300 K). The boundary condition is symmetric (ux = 0 at x = 0, uy = 0 at y = 0 and uz = 0 at z = 0). 
Fig. 2 shows the stress in the package. The maximum stresses in each layer of materials are listed in Table B.

Table B. Maximum Stress in each Layer of Material

	material
	Stress with SiC (MPa)
	Stress with Invar 36 (MPa)

	CCD (Silicon)
	60.062
	54.657

	Epotek 
	48.982
	49.726

	AlN
	39.727
	93.802

	Hysol
	33.497
	44.433

	SiC / Invar
	22.417
	88.433

	Flex Circuit
	24.562
	25.486


10 Mpa = 1450 lb/in^2
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We have some strength of material data in Table C. Compare these data with stress, we see that only epoxy layers have possible concerns. Fig. 3 shows the stress distribution in these epoxy layers for SiC box. And Fig.4 shows the stress in these epoxy layers for Invar box. 
Table C.  Material Strength Data

	Material
	Property
	Value (MPa)

	Silicon
	Break strength
	120

	Epotek 301-2
	Max stress at 150 K
	39

	AlN
	Flexual strength
	320

	Hysol 9361
	Max stress at 150 K
	32

	Invar 36
	Tensile strength
	448

	Pyralux
	Tensile strength
	345

	SiC
	Flexual strength
	550
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Figs. 5 and 6 show the CCD surface displacement for the two cases.
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Fig.5 Displacement of the CCD surface 10:21:38
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Fig.6 Displacement of the CCD surface





1

