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Research Pathway for Electric-Drive Vehicle 
Electrification

Chevrolet Bolt  

Future Mobility Design Concept

2025 Targets
Cost $6/kW (50% reduction)
Power Density 33 kW/L (850% increase)
Power Level 100 kW
Reliability/Lifetime 300,000 miles (100% 

increase)
Source: Electrical and Electronics Technical Team Roadmap, 
https://www.energy.gov/sites/prod/files/2017/11/f39/EETT%2
0Roadmap%2010-27-17.pdf.

https://www.energy.gov/sites/prod/files/2017/11/f39/EETT%20Roadmap%2010-27-17.pdf
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Future Power Electronics Designs – Example 
of Footprint/Volume Reduction

• Planar power electronics construction.
• Reduction in volume/size by a factor of 8 to 10—multiphysics, 

heterogeneous integration challenge.

Capacitors

Electrical board
Power module
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Inverter – Constituents

Source: Susan Rogers, Electric Drive Technologies Program 
Overview at the 2019 DOE Annual Merit Review, June, 2019.
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Advanced Packaging 
Designs and 
Reliability

Power Electronics 
Thermal and Electro-

Thermal

Electric Motor 
Thermal 

Management

NREL APEEM Group Research Focus Areas
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Packaging Performance and Reliability – Research 
and Development Pathway

• Improve reliability of new (high-
temperature/wide-bandgap) 
technologies

• Develop predictive and 
remaining lifetime models

• Package parametric modeling Device
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Thermomechanical Modeling – Parametric Design 
Study
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• The impact of material and 
geometric variations on the 
reliability of the substrate attach 
was investigated.

Coefficient of Thermal 
Expansion  (× 10-6/K)
Silicon: 2.6
AlN: 4.5
Si3N4: 3.2
Copper: 16.5
Aluminum: 22.7
Sn63/Pb37 Solder: 24.7
Silver: 19.5

Device

Metalized Substrate
Substrate 
Attach

Base Plate and Integrated Cooling

Die Attach

Interconnect Encapsulant

Enclosure
Terminal


MatProperties

		

				Substrate		Dimensions (mm)		Elastic Modulus (GPa)		Poisson's Ratio		CTE (ppm/°C)		Remarks

				Si3N4		.2/.32/.2		300		0.28		2.8		Kyocera/Rogers

				AlN				330		0.24		4.5		Accuratus

				Al2O3				360		0.21		7.2		Kyocera
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Si₃N₄

AlN
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Strain Energy Density/Cycle  (MPa)

1.944981
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MasterStudy

		

				Baseplate		Substrate		Strain Energy Density/Cycle (MPa)

				Copper		Si₃N₄		1.94

						AlN		1.54

						Al₂O₃		0.94

				AlSiC		Si₃N₄		0.179

						AlN		0.161

						Al₂O₃		0.208

				Al		Si₃N₄		3.93

						AlN		3.41

						Al₂O₃		2.58

				Cu baseplate (5mm) with AlN ceramic thickness as 0.32mm -  1.05 MPa





MasterStudy

		



Si₃N₄

AlN

Al₂O₃

Strain Energy Density/Cycle  (MPa)



BaseplateMat&ThkVariation

		All simulations in this tab did not account for solder meniscus at the edges; All simulations in the table are done with an APDL script

												Strain Energy Density/Cycle (MPa)

								Baseplate Thickness (mm)				Copper		AlSiC		Al

								6				2.19		0.18		4.58

						Standard		5				1.94		0.18		3.93

								4				1.63		0.18		3.16

								3				1.24		0.18		2.28

								2				0.76		0.17		1.30

								1				0.30		0.17		0.48

		5 mm Cu baseplate check (model from Workbech) - 3064402 Pa; this result matches well with F7

						Copper						AlSiC

		Time (s)		Temperature (°C)		Z Stress (Pa)		Z Stress (MPa)		Z Strain		XZ Stress (Pa)		XZ Stress (MPa)		XZ Strain

		22396		150		9.87E+06		9.87		2.77E-02		-1.77E+06		-1.77		-3.12E-03

		22412		150		9.24E+06		9.24		2.79E-02		-1.84E+06		-1.84		-3.24E-03

		22427		150		8.70E+06		8.70		2.82E-02		-1.83E+06		-1.83		-3.34E-03

		22443		150		8.27E+06		8.27		2.84E-02		-1.82E+06		-1.82		-3.43E-03

		22459		150		7.93E+06		7.93		2.86E-02		-1.81E+06		-1.81		-3.51E-03

		22475		150		7.70E+06		7.70		2.88E-02		-1.79E+06		-1.79		-3.59E-03

		22491		150		7.54E+06		7.54		2.90E-02		-1.77E+06		-1.77		-3.66E-03

		22506		150		7.43E+06		7.43		2.91E-02		-1.74E+06		-1.74		-3.72E-03

		22522		150		7.35E+06		7.35		2.92E-02		-1.72E+06		-1.72		-3.79E-03

		22538		150		7.30E+06		7.30		2.93E-02		-1.70E+06		-1.70		-3.85E-03

		22554		150		7.24E+06		7.24		2.94E-02		-1.68E+06		-1.68		-3.90E-03

		22569		150		7.19E+06		7.19		2.95E-02		-1.67E+06		-1.67		-3.95E-03

		22585		150		7.14E+06		7.14		2.96E-02		-1.65E+06		-1.65		-4.00E-03

		22601		150		7.10E+06		7.10		2.97E-02		-1.63E+06		-1.63		-4.05E-03

		22617		150		7.05E+06		7.05		2.98E-02		-1.61E+06		-1.61		-4.10E-03

		22633		150		7.00E+06		7.00		2.98E-02		-1.60E+06		-1.60		-4.14E-03

		22648		150		6.96E+06		6.96		2.99E-02		-1.58E+06		-1.58		-4.18E-03

		22664		150		6.92E+06		6.92		3.00E-02		-1.57E+06		-1.57		-4.22E-03

		22680		150		6.88E+06		6.88		3.01E-02		-1.55E+06		-1.55		-4.26E-03

		22696		150		6.85E+06		6.85		3.01E-02		-1.54E+06		-1.54		-4.30E-03

		22712		150		6.81E+06		6.81		3.02E-02		-1.53E+06		-1.53		-4.34E-03

		22727		150		6.78E+06		6.78		3.02E-02		-1.52E+06		-1.52		-4.37E-03

		22743		150		6.75E+06		6.75		3.03E-02		-1.50E+06		-1.50		-4.41E-03

		22759		150		6.72E+06		6.72		3.04E-02		-1.49E+06		-1.49		-4.44E-03

		22775		150		6.69E+06		6.69		3.04E-02		-1.48E+06		-1.48		-4.47E-03

		22791		150		6.67E+06		6.67		3.05E-02		-1.47E+06		-1.47		-4.50E-03

		22806		150		6.64E+06		6.64		3.05E-02		-1.46E+06		-1.46		-4.54E-03

		22822		150		6.62E+06		6.62		3.06E-02		-1.45E+06		-1.45		-4.57E-03

		22838		150		6.59E+06		6.59		3.06E-02		-1.44E+06		-1.44		-4.60E-03

		22854		150		6.57E+06		6.57		3.07E-02		-1.43E+06		-1.43		-4.62E-03

		22869		150		6.55E+06		6.55		3.07E-02		-1.42E+06		-1.42		-4.65E-03

		22885		150		6.53E+06		6.53		3.08E-02		-1.41E+06		-1.41		-4.68E-03

		22901		150		6.51E+06		6.51		3.08E-02		-1.41E+06		-1.41		-4.71E-03

		22917		150		6.49E+06		6.49		3.09E-02		-1.40E+06		-1.40		-4.73E-03

		22933		150		6.47E+06		6.47		3.09E-02		-1.39E+06		-1.39		-4.76E-03

		22948		150		6.45E+06		6.45		3.10E-02		-1.38E+06		-1.38		-4.78E-03

		22964		150		6.44E+06		6.44		3.10E-02		-1.37E+06		-1.37		-4.81E-03

		22980		150		6.42E+06		6.42		3.10E-02		-1.37E+06		-1.37		-4.83E-03

		23040		145		-2.52E+06		-2.52		3.10E-02		-1.66E+06		-1.66		-5.00E-03

		23100		140		-1.12E+07		-11.24		3.09E-02		-1.73E+06		-1.73		-5.22E-03

		23160		135		-1.68E+07		-16.85		3.07E-02		-1.58E+06		-1.58		-5.42E-03

		23220		130		-1.94E+07		-19.36		3.03E-02		-1.34E+06		-1.34		-5.58E-03

		23280		125		-2.06E+07		-20.59		2.99E-02		-1.07E+06		-1.07		-5.69E-03

		23340		120		-2.13E+07		-21.26		2.93E-02		-810108		-0.81		-5.78E-03

		23400		115		-2.15E+07		-21.53		2.88E-02		-569876		-0.57		-5.84E-03

		23460		110		-2.13E+07		-21.27		2.81E-02		-357615		-0.36		-5.87E-03

		23520		105		-2.10E+07		-21.01		2.74E-02		-174872		-0.17		-5.88E-03

		23580		100		-2.08E+07		-20.82		2.66E-02		-20757.8		-0.02		-5.88E-03

		23640		95		-2.07E+07		-20.66		2.58E-02		106625		0.11		-5.86E-03

		23700		90		-2.06E+07		-20.60		2.50E-02		209401		0.21		-5.84E-03

		23760		85		-2.06E+07		-20.62		2.42E-02		289320		0.29		-5.81E-03

		23820		80		-2.08E+07		-20.78		2.33E-02		347830		0.35		-5.78E-03

		23880		75		-2.11E+07		-21.06		2.24E-02		386065		0.39		-5.75E-03

		23940		70		-2.14E+07		-21.43		2.15E-02		404792		0.40		-5.72E-03

		24000		65		-2.19E+07		-21.87		2.06E-02		404237		0.40		-5.69E-03

		24060		60		-2.24E+07		-22.37		1.97E-02		384345		0.38		-5.66E-03

		24120		55		-2.29E+07		-22.93		1.88E-02		344907		0.34		-5.64E-03

		24180		50		-2.35E+07		-23.54		1.79E-02		285497		0.29		-5.62E-03

		24240		45		-2.42E+07		-24.20		1.70E-02		205332		0.21		-5.61E-03

		24300		40		-2.49E+07		-24.89		1.61E-02		103468		0.10		-5.60E-03

		24360		35		-2.56E+07		-25.60		1.52E-02		-21020.7		-0.02		-5.60E-03

		24420		30		-2.64E+07		-26.35		1.44E-02		-169178		-0.17		-5.61E-03

		24480		25		-2.71E+07		-27.14		1.35E-02		-342323		-0.34		-5.62E-03

		24540		20		-2.80E+07		-28.02		1.27E-02		-541864		-0.54		-5.64E-03

		24600		15		-2.90E+07		-28.99		1.19E-02		-769125		-0.77		-5.66E-03

		24660		10		-3.00E+07		-30.02		1.11E-02		-1.03E+06		-1.03		-5.69E-03

		24720		5		-3.11E+07		-31.13		1.03E-02		-1.31E+06		-1.31		-5.73E-03

		24780		0		-3.23E+07		-32.27		9.51E-03		-1.63E+06		-1.63		-5.77E-03

		24840		-5		-3.35E+07		-33.51		8.77E-03		-1.99E+06		-1.99		-5.82E-03

		24900		-10		-3.49E+07		-34.88		8.05E-03		-2.38E+06		-2.38		-5.88E-03

		24960		-15		-3.64E+07		-36.38		7.36E-03		-2.80E+06		-2.80		-5.94E-03

		25020		-20		-3.79E+07		-37.93		6.69E-03		-3.27E+06		-3.27		-6.00E-03

		25080		-25		-3.97E+07		-39.66		6.05E-03		-3.78E+06		-3.78		-6.07E-03

		25140		-30		-4.15E+07		-41.46		5.42E-03		-4.34E+06		-4.34		-6.15E-03

		25200		-35		-4.35E+07		-43.48		4.83E-03		-4.94E+06		-4.94		-6.23E-03

		25260		-40		-4.56E+07		-45.60		4.26E-03		-5.60E+06		-5.60		-6.31E-03

		25276		-40		-4.46E+07		-44.63		4.23E-03		-5.29E+06		-5.29		-6.33E-03

		25292		-40		-4.42E+07		-44.16		4.19E-03		-5.04E+06		-5.04		-6.34E-03

		25307		-40		-4.37E+07		-43.73		4.15E-03		-4.84E+06		-4.84		-6.35E-03

		25323		-40		-4.33E+07		-43.34		4.11E-03		-4.67E+06		-4.67		-6.36E-03

		25339		-40		-4.30E+07		-42.97		4.07E-03		-4.52E+06		-4.52		-6.36E-03

		25355		-40		-4.26E+07		-42.65		4.04E-03		-4.38E+06		-4.38		-6.37E-03

		25371		-40		-4.23E+07		-42.35		4.01E-03		-4.27E+06		-4.27		-6.37E-03

		25386		-40		-4.21E+07		-42.08		3.98E-03		-4.16E+06		-4.16		-6.38E-03

		25402		-40		-4.18E+07		-41.82		3.95E-03		-4.06E+06		-4.06		-6.38E-03

		25418		-40		-4.16E+07		-41.58		3.92E-03		-3.97E+06		-3.97		-6.39E-03

		25434		-40		-4.14E+07		-41.36		3.90E-03		-3.88E+06		-3.88		-6.39E-03

		25449		-40		-4.11E+07		-41.15		3.87E-03		-3.81E+06		-3.81		-6.39E-03

		25465		-40		-4.09E+07		-40.95		3.85E-03		-3.73E+06		-3.73		-6.39E-03

		25481		-40		-4.08E+07		-40.76		3.83E-03		-3.66E+06		-3.66		-6.40E-03

		25497		-40		-4.06E+07		-40.58		3.81E-03		-3.60E+06		-3.60		-6.40E-03

		25513		-40		-4.04E+07		-40.41		3.79E-03		-3.54E+06		-3.54		-6.40E-03

		25528		-40		-4.02E+07		-40.25		3.77E-03		-3.48E+06		-3.48		-6.40E-03

		25544		-40		-4.01E+07		-40.09		3.75E-03		-3.42E+06		-3.42		-6.41E-03

		25560		-40		-3.99E+07		-39.94		3.73E-03		-3.37E+06		-3.37		-6.41E-03

		25576		-40		-3.98E+07		-39.79		3.71E-03		-3.32E+06		-3.32		-6.41E-03

		25592		-40		-3.97E+07		-39.66		3.70E-03		-3.27E+06		-3.27		-6.41E-03

		25607		-40		-3.95E+07		-39.52		3.68E-03		-3.23E+06		-3.23		-6.41E-03

		25623		-40		-3.94E+07		-39.39		3.66E-03		-3.18E+06		-3.18		-6.41E-03

		25639		-40		-3.93E+07		-39.27		3.65E-03		-3.14E+06		-3.14		-6.42E-03

		25655		-40		-3.91E+07		-39.15		3.63E-03		-3.10E+06		-3.10		-6.42E-03

		25671		-40		-3.90E+07		-39.03		3.62E-03		-3.06E+06		-3.06		-6.42E-03

		25686		-40		-3.89E+07		-38.92		3.60E-03		-3.02E+06		-3.02		-6.42E-03

		25702		-40		-3.88E+07		-38.81		3.59E-03		-2.98E+06		-2.98		-6.42E-03

		25718		-40		-3.87E+07		-38.70		3.57E-03		-2.95E+06		-2.95		-6.42E-03

		25734		-40		-3.86E+07		-38.60		3.56E-03		-2.91E+06		-2.91		-6.42E-03

		25749		-40		-3.85E+07		-38.50		3.55E-03		-2.88E+06		-2.88		-6.42E-03

		25765		-40		-3.84E+07		-38.40		3.53E-03		-2.85E+06		-2.85		-6.42E-03

		25781		-40		-3.83E+07		-38.31		3.52E-03		-2.81E+06		-2.81		-6.43E-03

		25797		-40		-3.82E+07		-38.22		3.51E-03		-2.78E+06		-2.78		-6.43E-03

		25813		-40		-3.81E+07		-38.13		3.50E-03		-2.75E+06		-2.75		-6.43E-03

		25828		-40		-3.80E+07		-38.04		3.48E-03		-2.72E+06		-2.72		-6.43E-03

		25844		-40		-3.80E+07		-37.95		3.47E-03		-2.70E+06		-2.70		-6.43E-03

		25860		-40		-3.79E+07		-37.87		3.46E-03		-2.67E+06		-2.67		-6.43E-03

		25920		-35		-2.90E+07		-28.99		3.46E-03		-456279		-0.46		-6.43E-03

		25980		-30		-2.01E+07		-20.14		3.46E-03		1.66E+06		1.66		-6.43E-03

		26040		-25		-1.13E+07		-11.35		3.46E-03		3.71E+06		3.71		-6.43E-03

		26100		-20		-2.68E+06		-2.68		3.46E-03		5.65E+06		5.65		-6.41E-03

		26160		-15		5.78E+06		5.78		3.46E-03		7.39E+06		7.39		-6.34E-03

		26220		-10		1.40E+07		14.02		3.49E-03		8.82E+06		8.82		-6.17E-03

		26280		-5		2.19E+07		21.91		3.57E-03		9.80E+06		9.80		-5.86E-03

		26340		0		2.93E+07		29.33		3.69E-03		1.02E+07		10.16		-5.42E-03

		26400		5		3.60E+07		36.04		3.84E-03		1.01E+07		10.10		-4.89E-03

		26460		10		4.15E+07		41.54		4.02E-03		9.79E+06		9.79		-4.32E-03

		26520		15		4.56E+07		45.56		4.25E-03		9.33E+06		9.33		-3.77E-03

		26580		20		4.81E+07		48.09		4.52E-03		8.79E+06		8.79		-3.25E-03

		26640		25		4.92E+07		49.22		4.82E-03		8.23E+06		8.23		-2.76E-03

		26700		30		4.91E+07		49.13		5.16E-03		7.65E+06		7.65		-2.31E-03

		26760		35		4.78E+07		47.77		5.55E-03		7.07E+06		7.07		-1.89E-03

		26820		40		4.58E+07		45.77		5.97E-03		6.48E+06		6.48		-1.50E-03

		26880		45		4.35E+07		43.54		6.43E-03		5.90E+06		5.90		-1.15E-03

		26940		50		4.12E+07		41.20		6.94E-03		5.32E+06		5.32		-8.27E-04

		27000		55		3.89E+07		38.87		7.48E-03		4.75E+06		4.75		-5.36E-04

		27060		60		3.65E+07		36.48		8.08E-03		4.18E+06		4.18		-2.75E-04

		27120		65		3.41E+07		34.09		8.71E-03		3.63E+06		3.63		-4.35E-05

		27180		70		3.16E+07		31.61		9.40E-03		3.08E+06		3.08		1.59E-04

		27240		75		2.92E+07		29.15		1.01E-02		2.55E+06		2.55		3.33E-04

		27300		80		2.67E+07		26.75		1.09E-02		2.04E+06		2.04		4.79E-04

		27360		85		2.45E+07		24.50		1.17E-02		1.55E+06		1.55		5.94E-04

		27420		90		2.24E+07		22.41		1.25E-02		1.08E+06		1.08		6.78E-04

		27480		95		2.05E+07		20.47		1.34E-02		640856		0.64		7.28E-04

		27540		100		1.87E+07		18.75		1.43E-02		235856		0.24		7.41E-04

		27600		105		1.73E+07		17.26		1.52E-02		-132663		-0.13		7.16E-04

		27660		110		1.60E+07		15.96		1.62E-02		-461953		-0.46		6.48E-04

		27720		115		1.49E+07		14.91		1.72E-02		-750213		-0.75		5.34E-04

		27780		120		1.41E+07		14.05		1.83E-02		-996774		-1.00		3.72E-04

		27840		125		1.33E+07		13.32		1.94E-02		-1.20E+06		-1.20		1.59E-04

		27900		130		1.27E+07		12.71		2.07E-02		-1.37E+06		-1.37		-1.07E-04

		27960		135		1.22E+07		12.16		2.20E-02		-1.50E+06		-1.50		-4.29E-04

		28020		140		1.17E+07		11.68		2.34E-02		-1.60E+06		-1.60		-8.08E-04

		28080		145		1.13E+07		11.26		2.49E-02		-1.67E+06		-1.67		-1.25E-03

		28140		150		1.09E+07		10.88		2.65E-02		-1.72E+06		-1.72		-1.75E-03





BaseplateMat&ThkVariation
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Copper

AlSiC

Baseplate Thickness (mm)

Strain Energy Density/Cycle (MPa)



SubThkVariation_Cu

		



30 C

HighDwellCu

RampDownCu

LowDwellCu

RampUpCu

Strain (Z)

Stress Z (MPa)

Cu Baseplate



SubThkVariation_AlSiC

		



HighDwellCu

RampDownCu

LowDwellCu

RampUpCu

Strain (XZ)

Stress XZ (MPa)

AlSiC Baseplate



SubMetThkVariation_Cu

		

						Baseplate		Substrate		Substrate Thickness (mm)		Strain Energy Density/Cycle (MPa)

						Copper		Si₃N₄		0.25		1.50

										0.32		1.94

										0.5		2.83

										0.63		3.28

										0.75		3.60

										1		4.03

								Al₂O₃		0.25		0.73

										0.32		0.94

										0.5		1.34

										0.63		1.54

										0.75		1.68

										1		1.86

								AlN		0.25		1.20

										0.32		1.54

										0.5		2.22

										0.63		2.56

										0.75		2.80

										1		3.12

						Metallization thickness is 0.2 mm





SubMetThkVariation_Cu

		



Si₃N₄

AlN

Al₂O₃

Substrate Ceramic Thickness (mm)

Strain Energy Density/Cycle (MPa)



SubMetThkVariation_AlSiC

		

						Baseplate		Substrate		Substrate Thickness (mm)		Strain Energy Density/Cycle (MPa)

						AlSiC		Si₃N₄		0.25		0.16

										0.32		0.18

										0.5		0.25

										0.63		0.31

										0.75		0.37

										1		0.46

								Al₂O₃		0.25		0.23

										0.32		0.21

										0.5		0.18

										0.63		0.17

										0.75		0.17

										1		0.16

								AlN		0.25		0.16

										0.32		0.16

										0.5		0.18

										0.63		0.20

										0.75		0.22

										1		0.26





SubMetThkVariation_AlSiC

		



Si₃N₄

AlN

Al₂O₃

Substrate Ceramic Thickness (mm)

Strain Energy Density/Cycle (MPa)



BaseplateFootPrintVariation

		

						Baseplate		Substrate		Substrate Thickness (mm)		Substrate Metallization Thickness (mm)		Strain Energy Density/Cycle (MPa)

						Copper		Si3N4		0.63		0.127		3.86

												0.2		3.28

												0.3		2.64

												0.4		2.13

												0.5		1.72

								Al2O3		0.63		0.127		1.81

												0.2		1.54

												0.3		1.24

												0.4		0.99

												0.5		0.79

								AlN		0.63		0.127		3.01

												0.2		2.56

												0.3		2.06

												0.4		1.66

												0.5		1.34

				Cu baseplate and 0.127 bottom metallization (without substrate ceramic and top metallization) - 30576.478 Pa

				Cu baseplate and 0.2 bottom metallization (without substrate ceramic and top metallization) - 30816.28 Pa





BaseplateFootPrintVariation

		



Si3N4

AlN

Al2O3

Substrate Metallization Thickness (mm)

Strain Energy Density/Cycle (MPa)



CTEProperties

		

						Baseplate		Substrate		Substrate Thickness (mm)		Substrate Metallization Thickness (mm)		Strain Energy Density/Cycle (MPa)

						AlSiC		Si3N4		0.63		0.127		0.44

												0.2		0.31

												0.3		0.22

												0.4		0.18

												0.5		0.19

								Al2O3		0.63		0.127		0.16

												0.2		0.17

												0.3		0.20

												0.4		0.26

												0.5		0.33

								AlN		0.63		0.127		0.26

												0.2		0.20

												0.3		0.17

												0.4		0.18

												0.5		0.20

				Cu baseplate and 0.127 bottom metallization (without substrate ceramic and top metallization) - 30576.478 Pa

				Cu baseplate and 0.2 bottom metallization (without substrate ceramic and top metallization) - 30816.28 Pa





CTEProperties

		



Si3N4

AlN

Al2O3

Substrate Metallization Thickness (mm)

Strain Energy Density/Cycle (MPa)



Sheet1

		

										Strain Energy Density/Cycle (MPa)

								Baseplate Side (mm)		Cu		Al		AlSiC

								50.8		3.02		6.00		0.22

								55.8		3.53		7.19		0.23

								60.8		3.83		7.93		0.23

								65.8		4.05		8.48		0.23

								70.8		4.22		8.90		0.24

						Strain Energy Density/Cycle (MPa) - WB -55.8 Cu				3.52





Sheet1

		



Al

Cu

AlSiC

Baseplate Length (mm)

Strain Energy Density/Cycle (MPa)



		

								CTE (ppm/ °C)

						Material		-40		-20		0		20		40		60		80		100		120		140		160		180		200

						Copper		15.8		16		16.3		16.5		16.7		16.9		17.1		17.3		17.5		17.7		17.8		18		18.2

						Aluminum		21.9		22.1		22.3		22.5		22.7		22.9		23.1		23.3		23.5		23.7		23.9		24.1		24.3

						AlSiC		6.84		7.04		7.24		7.44		7.64		7.84		8.04		8.24		8.44		8.64		8.84		9.04		9.24

						Silicon Nitride		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8

						Aluminum Nitride		4.5		4.5		4.5		4.5		4.5		4.5		4.5		4.5		4.5		4.5		4.5		4.5		4.5

						Aluminum Oxide		8.2		8.2		8.2		8.2		8.2		8.2		8.2		8.2		8.2		8.2		8.2		8.2		8.2

						SAC305		21.6		21.6		21.6		21.6		21.6		21.6		21.6		21.6		21.6		21.6		21.6		21.6		21.6

																																				Material		CTE		Elastic Modulus (GPa)

																																				Cu		1.7E-05		115

																																				Alumina		6.80E-06		370

																																				AlN		4.50E-06		330

																																		CTE of DBC				0.000008115





		



Aluminum

SAC305

Copper

AlSiC

Aluminum Oxide

Aluminum Nitride

Silicon Nitride

Temperature (°C)

Coefficient of thermal expansion (ppm/°C)



						Cu-6mm

		Time (s)		Temperature (°C)		Z Stress (Pa)		Z Stress (MPa)		Z Strain

		22396		150		1.01E+07		10.07		3.16E-02

		22412		150		9.47E+06		9.47		3.18E-02

		22427		150		8.95E+06		8.95		3.21E-02

		22443		150		8.51E+06		8.51		3.24E-02

		22459		150		8.17E+06		8.17		3.26E-02

		22475		150		7.92E+06		7.92		3.28E-02

		22491		150		7.74E+06		7.74		3.30E-02

		22506		150		7.62E+06		7.62		3.31E-02

		22522		150		7.54E+06		7.54		3.33E-02

		22538		150		7.47E+06		7.47		3.34E-02

		22554		150		7.42E+06		7.42		3.35E-02

		22569		150		7.37E+06		7.37		3.36E-02

		22585		150		7.32E+06		7.32		3.37E-02

		22601		150		7.27E+06		7.27		3.38E-02

		22617		150		7.23E+06		7.23		3.38E-02

		22633		150		7.18E+06		7.18		3.39E-02

		22648		150		7.14E+06		7.14		3.40E-02

		22664		150		7.09E+06		7.09		3.41E-02

		22680		150		7.05E+06		7.05		3.42E-02

		22696		150		7.02E+06		7.02		3.42E-02

		22712		150		6.98E+06		6.98		3.43E-02

		22727		150		6.95E+06		6.95		3.43E-02

		22743		150		6.91E+06		6.91		3.44E-02

		22759		150		6.88E+06		6.88		3.45E-02

		22775		150		6.85E+06		6.85		3.45E-02

		22791		150		6.82E+06		6.82		3.46E-02

		22806		150		6.80E+06		6.80		3.46E-02

		22822		150		6.77E+06		6.77		3.47E-02

		22838		150		6.75E+06		6.75		3.48E-02

		22854		150		6.72E+06		6.72		3.48E-02

		22869		150		6.70E+06		6.70		3.49E-02

		22885		150		6.68E+06		6.68		3.49E-02

		22901		150		6.66E+06		6.66		3.50E-02

		22917		150		6.64E+06		6.64		3.50E-02

		22933		150		6.62E+06		6.62		3.51E-02

		22948		150		6.60E+06		6.60		3.51E-02

		22964		150		6.58E+06		6.58		3.51E-02

		22980		150		6.56E+06		6.56		3.52E-02

		23040		145		-2.92E+06		-2.92		3.52E-02

		23100		140		-1.20E+07		-12.00		3.51E-02

		23160		135		-1.75E+07		-17.48		3.48E-02

		23220		130		-1.97E+07		-19.71		3.44E-02

		23280		125		-2.09E+07		-20.88		3.39E-02

		23340		120		-2.15E+07		-21.47		3.33E-02

		23400		115		-2.17E+07		-21.69		3.27E-02

		23460		110		-2.14E+07		-21.36		3.19E-02

		23520		105		-2.09E+07		-20.88		3.11E-02

		23580		100		-2.06E+07		-20.55		3.02E-02

		23640		95		-2.04E+07		-20.37		2.93E-02

		23700		90		-2.03E+07		-20.33		2.84E-02

		23760		85		-2.04E+07		-20.44		2.74E-02

		23820		80		-2.07E+07		-20.68		2.64E-02

		23880		75		-2.10E+07		-21.03		2.54E-02

		23940		70		-2.14E+07		-21.43		2.44E-02

		24000		65		-2.19E+07		-21.88		2.33E-02

		24060		60		-2.24E+07		-22.39		2.23E-02

		24120		55		-2.30E+07		-22.95		2.13E-02

		24180		50		-2.35E+07		-23.55		2.03E-02

		24240		45		-2.42E+07		-24.19		1.93E-02

		24300		40		-2.49E+07		-24.85		1.83E-02

		24360		35		-2.55E+07		-25.55		1.73E-02

		24420		30		-2.63E+07		-26.28		1.63E-02

		24480		25		-2.70E+07		-27.04		1.54E-02

		24540		20		-2.78E+07		-27.85		1.44E-02

		24600		15		-2.88E+07		-28.82		1.35E-02

		24660		10		-2.98E+07		-29.85		1.26E-02

		24720		5		-3.09E+07		-30.94		1.18E-02

		24780		0		-3.21E+07		-32.10		1.09E-02

		24840		-5		-3.33E+07		-33.35		1.01E-02

		24900		-10		-3.47E+07		-34.69		9.30E-03

		24960		-15		-3.61E+07		-36.13		8.53E-03

		25020		-20		-3.77E+07		-37.70		7.80E-03

		25080		-25		-3.93E+07		-39.32		7.08E-03

		25140		-30		-4.11E+07		-41.11		6.39E-03

		25200		-35		-4.31E+07		-43.10		5.74E-03

		25260		-40		-4.52E+07		-45.17		5.11E-03

		25276		-40		-4.42E+07		-44.19		5.07E-03

		25292		-40		-4.37E+07		-43.73		5.03E-03

		25307		-40		-4.33E+07		-43.30		4.98E-03

		25323		-40		-4.29E+07		-42.89		4.94E-03

		25339		-40		-4.25E+07		-42.53		4.90E-03

		25355		-40		-4.22E+07		-42.20		4.86E-03

		25371		-40		-4.19E+07		-41.90		4.83E-03

		25386		-40		-4.16E+07		-41.62		4.80E-03

		25402		-40		-4.14E+07		-41.36		4.77E-03

		25418		-40		-4.11E+07		-41.13		4.74E-03

		25434		-40		-4.09E+07		-40.90		4.71E-03

		25449		-40		-4.07E+07		-40.69		4.68E-03

		25465		-40		-4.05E+07		-40.49		4.66E-03

		25481		-40		-4.03E+07		-40.30		4.63E-03

		25497		-40		-4.01E+07		-40.12		4.61E-03

		25513		-40		-4.00E+07		-39.95		4.59E-03

		25528		-40		-3.98E+07		-39.79		4.57E-03

		25544		-40		-3.96E+07		-39.63		4.54E-03

		25560		-40		-3.95E+07		-39.49		4.52E-03

		25576		-40		-3.93E+07		-39.34		4.50E-03

		25592		-40		-3.92E+07		-39.20		4.49E-03

		25607		-40		-3.91E+07		-39.07		4.47E-03

		25623		-40		-3.89E+07		-38.94		4.45E-03

		25639		-40		-3.88E+07		-38.82		4.43E-03

		25655		-40		-3.87E+07		-38.70		4.42E-03

		25671		-40		-3.86E+07		-38.58		4.40E-03

		25686		-40		-3.85E+07		-38.47		4.38E-03

		25702		-40		-3.84E+07		-38.36		4.37E-03

		25718		-40		-3.83E+07		-38.26		4.35E-03

		25734		-40		-3.82E+07		-38.16		4.34E-03

		25749		-40		-3.81E+07		-38.06		4.32E-03

		25765		-40		-3.80E+07		-37.96		4.31E-03

		25781		-40		-3.79E+07		-37.86		4.29E-03

		25797		-40		-3.78E+07		-37.77		4.28E-03

		25813		-40		-3.77E+07		-37.68		4.27E-03

		25828		-40		-3.76E+07		-37.60		4.25E-03

		25844		-40		-3.75E+07		-37.51		4.24E-03

		25860		-40		-3.74E+07		-37.43		4.23E-03

		25920		-35		-2.82E+07		-28.19		4.22E-03

		25980		-30		-1.90E+07		-18.97		4.22E-03

		26040		-25		-9.79E+06		-9.79		4.22E-03

		26100		-20		-735253		-0.74		4.22E-03

		26160		-15		8.09E+06		8.09		4.23E-03

		26220		-10		1.67E+07		16.70		4.26E-03

		26280		-5		2.49E+07		24.87		4.35E-03

		26340		0		3.25E+07		32.54		4.48E-03

		26400		5		3.93E+07		39.33		4.65E-03

		26460		10		4.46E+07		44.63		4.86E-03

		26520		15		4.82E+07		48.23		5.11E-03

		26580		20		5.02E+07		50.23		5.41E-03

		26640		25		5.08E+07		50.81		5.74E-03

		26700		30		5.02E+07		50.23		6.11E-03

		26760		35		4.85E+07		48.47		6.54E-03

		26820		40		4.62E+07		46.17		7.00E-03

		26880		45		4.37E+07		43.74		7.52E-03

		26940		50		4.12E+07		41.24		8.09E-03

		27000		55		3.87E+07		38.70		8.71E-03

		27060		60		3.62E+07		36.17		9.38E-03

		27120		65		3.36E+07		33.59		1.01E-02

		27180		70		3.10E+07		31.04		1.09E-02

		27240		75		2.85E+07		28.53		1.17E-02

		27300		80		2.61E+07		26.15		1.25E-02

		27360		85		2.39E+07		23.90		1.34E-02

		27420		90		2.18E+07		21.81		1.44E-02

		27480		95		1.99E+07		19.94		1.53E-02

		27540		100		1.83E+07		18.32		1.64E-02

		27600		105		1.70E+07		16.96		1.74E-02

		27660		110		1.58E+07		15.83		1.85E-02

		27720		115		1.49E+07		14.90		1.97E-02

		27780		120		1.41E+07		14.08		2.09E-02

		27840		125		1.34E+07		13.37		2.22E-02

		27900		130		1.28E+07		12.78		2.36E-02

		27960		135		1.23E+07		12.26		2.51E-02

		28020		140		1.18E+07		11.81		2.67E-02

		28080		145		1.14E+07		11.42		2.84E-02

		28140		150		1.11E+07		11.06		3.03E-02





		0.0276558		0.031039		0.00426353		0.00346154

		0.0279074		0.0310325		0.00422608		0.00345851

		0.0281621		0.0309413		0.00418613		0.00345848

		0.0284048		0.0306944		0.00414529		0.0034588

		0.0286244		0.0303134		0.00410685		0.00345935

		0.0288157		0.02986		0.0040712		0.00346213

		0.0289786		0.0293428		0.00403798		0.00348785

		0.0291169		0.0287691		0.00400682		0.00356746

		0.0292362		0.0280983		0.00397746		0.00368678

		0.0293422		0.0273982		0.00394969		0.00383575

		0.0294392		0.0266435		0.00392334		0.00402226

		0.0295298		0.0258482		0.00389824		0.004251

		0.0296155		0.0250235		0.00387428		0.00451869

		0.0296969		0.0241633		0.00385135		0.00482161

		0.0297748		0.0232901		0.00382935		0.00515605

		0.0298494		0.0224002		0.00380821		0.00554802

		0.029921		0.021499		0.00378786		0.00597029

		0.02999		0.0205914		0.00376823		0.00643273

		0.0300566		0.0196813		0.00374928		0.00693862

		0.0301209		0.0187748		0.00373094		0.0074826

		0.0301833		0.0178739		0.00371319		0.00807609

		0.0302438		0.0169801		0.00369598		0.008709

		0.0303025		0.0160953		0.00367927		0.00939524

		0.0303597		0.0152206		0.00366304		0.0101207

		0.0304154		0.0143569		0.00364725		0.0108861

		0.0304696		0.0135051		0.00363188		0.0116803

		0.0305226		0.0126695		0.0036169		0.0125062

		0.0305744		0.0118515		0.0036023		0.0133659

		0.0306251		0.0110522		0.00358805		0.0142614

		0.0306747		0.0102728		0.00357414		0.0151947

		0.0307232		0.0095079		0.00356054		0.0161804

		0.0307708		0.00876657		0.00354724		0.0172087

		0.0308175		0.00805038		0.00353424		0.0182957

		0.0308634		0.00736073		0.0035215		0.0194463

		0.0309084		0.00668749		0.00350903		0.0206658

		0.0309527		0.00604502		0.00349681		0.0219735

		0.0309962		0.00542059		0.00348483		0.0233748

		0.031039		0.00483211		0.00347308		0.0248903

				0.00426353		0.00346154		0.026541
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MatProperties

		

				Substrate		Dimensions (mm)		Elastic Modulus (GPa)		Poisson's Ratio		CTE (ppm/°C)		Remarks

				Si3N4		.2/.32/.2		300		0.28		2.8		Kyocera/Rogers

				AlN				330		0.24		4.5		Accuratus

				Al2O3				360		0.21		7.2		Kyocera





MasterStudy

		

				Baseplate		Substrate		Strain Energy Density/Cycle (MPa)

				Copper		Si3N4		1.94

						AlN		1.54

						Al2O3		0.94

				AlSiC		Si3N4		0.179

						AlN		0.161

						Al2O3		0.208

				Al		Si3N4		3.93

						AlN		3.41

						Al2O3		2.58

				Trials		SED/Cycle (MPa)

				AlSiC-Al2O3; Al2O3 elastic modulus is same as Si3N4		0.226

				Cu baseplate (5mm) with AlN ceramic thickness as 0.32mm -  1.05 MPa





MasterStudy

		



Si3N4

AlN

Al2O3

Strain Energy Density/Cycle  (MPa)



BaseplateMat&ThkVariation

		All simulations in this tab did not account for solder meniscus at the edges; All simulations in the table are done with an APDL script

												Strain Energy Density/Cycle (MPa)

								Baseplate Thickness (mm)				Copper		AlSiC		Al

								6				2.19		0.18		4.58

						Standard		5				1.94		0.18		3.93

								4				1.63		0.18		3.16

								3				1.24		0.18		2.28

								2				0.76		0.17		1.30

								1				0.30		0.17		0.48

		5 mm Cu baseplate check (model from Workbech) - 3064402 Pa; this result matches well with F7

						Copper						AlSiC

		Time (s)		Temperature (°C)		Z Stress (Pa)		Z Stress (MPa)		Z Strain		XZ Stress (Pa)		XZ Stress (MPa)		XZ Strain

		22396		150		9.87E+06		9.87		2.77E-02		-1.77E+06		-1.77		-3.12E-03

		22412		150		9.24E+06		9.24		2.79E-02		-1.84E+06		-1.84		-3.24E-03

		22427		150		8.70E+06		8.70		2.82E-02		-1.83E+06		-1.83		-3.34E-03

		22443		150		8.27E+06		8.27		2.84E-02		-1.82E+06		-1.82		-3.43E-03

		22459		150		7.93E+06		7.93		2.86E-02		-1.81E+06		-1.81		-3.51E-03

		22475		150		7.70E+06		7.70		2.88E-02		-1.79E+06		-1.79		-3.59E-03

		22491		150		7.54E+06		7.54		2.90E-02		-1.77E+06		-1.77		-3.66E-03

		22506		150		7.43E+06		7.43		2.91E-02		-1.74E+06		-1.74		-3.72E-03

		22522		150		7.35E+06		7.35		2.92E-02		-1.72E+06		-1.72		-3.79E-03

		22538		150		7.30E+06		7.30		2.93E-02		-1.70E+06		-1.70		-3.85E-03

		22554		150		7.24E+06		7.24		2.94E-02		-1.68E+06		-1.68		-3.90E-03

		22569		150		7.19E+06		7.19		2.95E-02		-1.67E+06		-1.67		-3.95E-03

		22585		150		7.14E+06		7.14		2.96E-02		-1.65E+06		-1.65		-4.00E-03

		22601		150		7.10E+06		7.10		2.97E-02		-1.63E+06		-1.63		-4.05E-03

		22617		150		7.05E+06		7.05		2.98E-02		-1.61E+06		-1.61		-4.10E-03

		22633		150		7.00E+06		7.00		2.98E-02		-1.60E+06		-1.60		-4.14E-03

		22648		150		6.96E+06		6.96		2.99E-02		-1.58E+06		-1.58		-4.18E-03

		22664		150		6.92E+06		6.92		3.00E-02		-1.57E+06		-1.57		-4.22E-03

		22680		150		6.88E+06		6.88		3.01E-02		-1.55E+06		-1.55		-4.26E-03

		22696		150		6.85E+06		6.85		3.01E-02		-1.54E+06		-1.54		-4.30E-03

		22712		150		6.81E+06		6.81		3.02E-02		-1.53E+06		-1.53		-4.34E-03

		22727		150		6.78E+06		6.78		3.02E-02		-1.52E+06		-1.52		-4.37E-03

		22743		150		6.75E+06		6.75		3.03E-02		-1.50E+06		-1.50		-4.41E-03

		22759		150		6.72E+06		6.72		3.04E-02		-1.49E+06		-1.49		-4.44E-03

		22775		150		6.69E+06		6.69		3.04E-02		-1.48E+06		-1.48		-4.47E-03

		22791		150		6.67E+06		6.67		3.05E-02		-1.47E+06		-1.47		-4.50E-03

		22806		150		6.64E+06		6.64		3.05E-02		-1.46E+06		-1.46		-4.54E-03

		22822		150		6.62E+06		6.62		3.06E-02		-1.45E+06		-1.45		-4.57E-03

		22838		150		6.59E+06		6.59		3.06E-02		-1.44E+06		-1.44		-4.60E-03

		22854		150		6.57E+06		6.57		3.07E-02		-1.43E+06		-1.43		-4.62E-03

		22869		150		6.55E+06		6.55		3.07E-02		-1.42E+06		-1.42		-4.65E-03

		22885		150		6.53E+06		6.53		3.08E-02		-1.41E+06		-1.41		-4.68E-03

		22901		150		6.51E+06		6.51		3.08E-02		-1.41E+06		-1.41		-4.71E-03

		22917		150		6.49E+06		6.49		3.09E-02		-1.40E+06		-1.40		-4.73E-03

		22933		150		6.47E+06		6.47		3.09E-02		-1.39E+06		-1.39		-4.76E-03

		22948		150		6.45E+06		6.45		3.10E-02		-1.38E+06		-1.38		-4.78E-03

		22964		150		6.44E+06		6.44		3.10E-02		-1.37E+06		-1.37		-4.81E-03

		22980		150		6.42E+06		6.42		3.10E-02		-1.37E+06		-1.37		-4.83E-03

		23040		145		-2.52E+06		-2.52		3.10E-02		-1.66E+06		-1.66		-5.00E-03

		23100		140		-1.12E+07		-11.24		3.09E-02		-1.73E+06		-1.73		-5.22E-03

		23160		135		-1.68E+07		-16.85		3.07E-02		-1.58E+06		-1.58		-5.42E-03

		23220		130		-1.94E+07		-19.36		3.03E-02		-1.34E+06		-1.34		-5.58E-03

		23280		125		-2.06E+07		-20.59		2.99E-02		-1.07E+06		-1.07		-5.69E-03

		23340		120		-2.13E+07		-21.26		2.93E-02		-810108		-0.81		-5.78E-03

		23400		115		-2.15E+07		-21.53		2.88E-02		-569876		-0.57		-5.84E-03

		23460		110		-2.13E+07		-21.27		2.81E-02		-357615		-0.36		-5.87E-03

		23520		105		-2.10E+07		-21.01		2.74E-02		-174872		-0.17		-5.88E-03

		23580		100		-2.08E+07		-20.82		2.66E-02		-20757.8		-0.02		-5.88E-03

		23640		95		-2.07E+07		-20.66		2.58E-02		106625		0.11		-5.86E-03

		23700		90		-2.06E+07		-20.60		2.50E-02		209401		0.21		-5.84E-03

		23760		85		-2.06E+07		-20.62		2.42E-02		289320		0.29		-5.81E-03

		23820		80		-2.08E+07		-20.78		2.33E-02		347830		0.35		-5.78E-03

		23880		75		-2.11E+07		-21.06		2.24E-02		386065		0.39		-5.75E-03

		23940		70		-2.14E+07		-21.43		2.15E-02		404792		0.40		-5.72E-03

		24000		65		-2.19E+07		-21.87		2.06E-02		404237		0.40		-5.69E-03

		24060		60		-2.24E+07		-22.37		1.97E-02		384345		0.38		-5.66E-03

		24120		55		-2.29E+07		-22.93		1.88E-02		344907		0.34		-5.64E-03

		24180		50		-2.35E+07		-23.54		1.79E-02		285497		0.29		-5.62E-03

		24240		45		-2.42E+07		-24.20		1.70E-02		205332		0.21		-5.61E-03

		24300		40		-2.49E+07		-24.89		1.61E-02		103468		0.10		-5.60E-03

		24360		35		-2.56E+07		-25.60		1.52E-02		-21020.7		-0.02		-5.60E-03

		24420		30		-2.64E+07		-26.35		1.44E-02		-169178		-0.17		-5.61E-03

		24480		25		-2.71E+07		-27.14		1.35E-02		-342323		-0.34		-5.62E-03

		24540		20		-2.80E+07		-28.02		1.27E-02		-541864		-0.54		-5.64E-03

		24600		15		-2.90E+07		-28.99		1.19E-02		-769125		-0.77		-5.66E-03

		24660		10		-3.00E+07		-30.02		1.11E-02		-1.03E+06		-1.03		-5.69E-03

		24720		5		-3.11E+07		-31.13		1.03E-02		-1.31E+06		-1.31		-5.73E-03

		24780		0		-3.23E+07		-32.27		9.51E-03		-1.63E+06		-1.63		-5.77E-03

		24840		-5		-3.35E+07		-33.51		8.77E-03		-1.99E+06		-1.99		-5.82E-03

		24900		-10		-3.49E+07		-34.88		8.05E-03		-2.38E+06		-2.38		-5.88E-03

		24960		-15		-3.64E+07		-36.38		7.36E-03		-2.80E+06		-2.80		-5.94E-03

		25020		-20		-3.79E+07		-37.93		6.69E-03		-3.27E+06		-3.27		-6.00E-03

		25080		-25		-3.97E+07		-39.66		6.05E-03		-3.78E+06		-3.78		-6.07E-03

		25140		-30		-4.15E+07		-41.46		5.42E-03		-4.34E+06		-4.34		-6.15E-03

		25200		-35		-4.35E+07		-43.48		4.83E-03		-4.94E+06		-4.94		-6.23E-03

		25260		-40		-4.56E+07		-45.60		4.26E-03		-5.60E+06		-5.60		-6.31E-03

		25276		-40		-4.46E+07		-44.63		4.23E-03		-5.29E+06		-5.29		-6.33E-03

		25292		-40		-4.42E+07		-44.16		4.19E-03		-5.04E+06		-5.04		-6.34E-03

		25307		-40		-4.37E+07		-43.73		4.15E-03		-4.84E+06		-4.84		-6.35E-03

		25323		-40		-4.33E+07		-43.34		4.11E-03		-4.67E+06		-4.67		-6.36E-03

		25339		-40		-4.30E+07		-42.97		4.07E-03		-4.52E+06		-4.52		-6.36E-03

		25355		-40		-4.26E+07		-42.65		4.04E-03		-4.38E+06		-4.38		-6.37E-03

		25371		-40		-4.23E+07		-42.35		4.01E-03		-4.27E+06		-4.27		-6.37E-03

		25386		-40		-4.21E+07		-42.08		3.98E-03		-4.16E+06		-4.16		-6.38E-03

		25402		-40		-4.18E+07		-41.82		3.95E-03		-4.06E+06		-4.06		-6.38E-03

		25418		-40		-4.16E+07		-41.58		3.92E-03		-3.97E+06		-3.97		-6.39E-03

		25434		-40		-4.14E+07		-41.36		3.90E-03		-3.88E+06		-3.88		-6.39E-03

		25449		-40		-4.11E+07		-41.15		3.87E-03		-3.81E+06		-3.81		-6.39E-03

		25465		-40		-4.09E+07		-40.95		3.85E-03		-3.73E+06		-3.73		-6.39E-03

		25481		-40		-4.08E+07		-40.76		3.83E-03		-3.66E+06		-3.66		-6.40E-03

		25497		-40		-4.06E+07		-40.58		3.81E-03		-3.60E+06		-3.60		-6.40E-03

		25513		-40		-4.04E+07		-40.41		3.79E-03		-3.54E+06		-3.54		-6.40E-03

		25528		-40		-4.02E+07		-40.25		3.77E-03		-3.48E+06		-3.48		-6.40E-03

		25544		-40		-4.01E+07		-40.09		3.75E-03		-3.42E+06		-3.42		-6.41E-03

		25560		-40		-3.99E+07		-39.94		3.73E-03		-3.37E+06		-3.37		-6.41E-03

		25576		-40		-3.98E+07		-39.79		3.71E-03		-3.32E+06		-3.32		-6.41E-03

		25592		-40		-3.97E+07		-39.66		3.70E-03		-3.27E+06		-3.27		-6.41E-03

		25607		-40		-3.95E+07		-39.52		3.68E-03		-3.23E+06		-3.23		-6.41E-03

		25623		-40		-3.94E+07		-39.39		3.66E-03		-3.18E+06		-3.18		-6.41E-03

		25639		-40		-3.93E+07		-39.27		3.65E-03		-3.14E+06		-3.14		-6.42E-03

		25655		-40		-3.91E+07		-39.15		3.63E-03		-3.10E+06		-3.10		-6.42E-03

		25671		-40		-3.90E+07		-39.03		3.62E-03		-3.06E+06		-3.06		-6.42E-03

		25686		-40		-3.89E+07		-38.92		3.60E-03		-3.02E+06		-3.02		-6.42E-03

		25702		-40		-3.88E+07		-38.81		3.59E-03		-2.98E+06		-2.98		-6.42E-03

		25718		-40		-3.87E+07		-38.70		3.57E-03		-2.95E+06		-2.95		-6.42E-03

		25734		-40		-3.86E+07		-38.60		3.56E-03		-2.91E+06		-2.91		-6.42E-03

		25749		-40		-3.85E+07		-38.50		3.55E-03		-2.88E+06		-2.88		-6.42E-03

		25765		-40		-3.84E+07		-38.40		3.53E-03		-2.85E+06		-2.85		-6.42E-03

		25781		-40		-3.83E+07		-38.31		3.52E-03		-2.81E+06		-2.81		-6.43E-03

		25797		-40		-3.82E+07		-38.22		3.51E-03		-2.78E+06		-2.78		-6.43E-03

		25813		-40		-3.81E+07		-38.13		3.50E-03		-2.75E+06		-2.75		-6.43E-03

		25828		-40		-3.80E+07		-38.04		3.48E-03		-2.72E+06		-2.72		-6.43E-03

		25844		-40		-3.80E+07		-37.95		3.47E-03		-2.70E+06		-2.70		-6.43E-03

		25860		-40		-3.79E+07		-37.87		3.46E-03		-2.67E+06		-2.67		-6.43E-03

		25920		-35		-2.90E+07		-28.99		3.46E-03		-456279		-0.46		-6.43E-03

		25980		-30		-2.01E+07		-20.14		3.46E-03		1.66E+06		1.66		-6.43E-03

		26040		-25		-1.13E+07		-11.35		3.46E-03		3.71E+06		3.71		-6.43E-03

		26100		-20		-2.68E+06		-2.68		3.46E-03		5.65E+06		5.65		-6.41E-03

		26160		-15		5.78E+06		5.78		3.46E-03		7.39E+06		7.39		-6.34E-03

		26220		-10		1.40E+07		14.02		3.49E-03		8.82E+06		8.82		-6.17E-03

		26280		-5		2.19E+07		21.91		3.57E-03		9.80E+06		9.80		-5.86E-03

		26340		0		2.93E+07		29.33		3.69E-03		1.02E+07		10.16		-5.42E-03

		26400		5		3.60E+07		36.04		3.84E-03		1.01E+07		10.10		-4.89E-03

		26460		10		4.15E+07		41.54		4.02E-03		9.79E+06		9.79		-4.32E-03

		26520		15		4.56E+07		45.56		4.25E-03		9.33E+06		9.33		-3.77E-03

		26580		20		4.81E+07		48.09		4.52E-03		8.79E+06		8.79		-3.25E-03

		26640		25		4.92E+07		49.22		4.82E-03		8.23E+06		8.23		-2.76E-03

		26700		30		4.91E+07		49.13		5.16E-03		7.65E+06		7.65		-2.31E-03

		26760		35		4.78E+07		47.77		5.55E-03		7.07E+06		7.07		-1.89E-03

		26820		40		4.58E+07		45.77		5.97E-03		6.48E+06		6.48		-1.50E-03

		26880		45		4.35E+07		43.54		6.43E-03		5.90E+06		5.90		-1.15E-03

		26940		50		4.12E+07		41.20		6.94E-03		5.32E+06		5.32		-8.27E-04

		27000		55		3.89E+07		38.87		7.48E-03		4.75E+06		4.75		-5.36E-04

		27060		60		3.65E+07		36.48		8.08E-03		4.18E+06		4.18		-2.75E-04

		27120		65		3.41E+07		34.09		8.71E-03		3.63E+06		3.63		-4.35E-05

		27180		70		3.16E+07		31.61		9.40E-03		3.08E+06		3.08		1.59E-04

		27240		75		2.92E+07		29.15		1.01E-02		2.55E+06		2.55		3.33E-04

		27300		80		2.67E+07		26.75		1.09E-02		2.04E+06		2.04		4.79E-04

		27360		85		2.45E+07		24.50		1.17E-02		1.55E+06		1.55		5.94E-04

		27420		90		2.24E+07		22.41		1.25E-02		1.08E+06		1.08		6.78E-04

		27480		95		2.05E+07		20.47		1.34E-02		640856		0.64		7.28E-04

		27540		100		1.87E+07		18.75		1.43E-02		235856		0.24		7.41E-04

		27600		105		1.73E+07		17.26		1.52E-02		-132663		-0.13		7.16E-04

		27660		110		1.60E+07		15.96		1.62E-02		-461953		-0.46		6.48E-04

		27720		115		1.49E+07		14.91		1.72E-02		-750213		-0.75		5.34E-04

		27780		120		1.41E+07		14.05		1.83E-02		-996774		-1.00		3.72E-04

		27840		125		1.33E+07		13.32		1.94E-02		-1.20E+06		-1.20		1.59E-04

		27900		130		1.27E+07		12.71		2.07E-02		-1.37E+06		-1.37		-1.07E-04

		27960		135		1.22E+07		12.16		2.20E-02		-1.50E+06		-1.50		-4.29E-04

		28020		140		1.17E+07		11.68		2.34E-02		-1.60E+06		-1.60		-8.08E-04

		28080		145		1.13E+07		11.26		2.49E-02		-1.67E+06		-1.67		-1.25E-03

		28140		150		1.09E+07		10.88		2.65E-02		-1.72E+06		-1.72		-1.75E-03





BaseplateMat&ThkVariation

		



Al

Copper

AlSiC

Baseplate Thickness (mm)

Strain Energy Density/Cycle (MPa)



SubThkVariation_Cu
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SubThkVariation_AlSiC
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RampDownCu
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AlSiC Baseplate



SubMetThkVariation_Cu

		

						Baseplate		Substrate		Substrate Thickness (mm)		Strain Energy Density/Cycle (MPa)

						Copper		Si₃N₄		0.25		1.50

										0.32		1.94

										0.5		2.83

										0.63		3.28

										0.75		3.60

										1		4.03

								Al₂O₃		0.25		0.73

										0.32		0.94

										0.5		1.34

										0.63		1.54

										0.75		1.68

										1		1.86

								AlN		0.25		1.20

										0.32		1.54

										0.5		2.22

										0.63		2.56

										0.75		2.80

										1		3.12

						Metallization thickness is 0.2 mm





SubMetThkVariation_Cu
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AlN

Al₂O₃

Substrate Ceramic Thickness (mm)

Strain Energy Density/Cycle (MPa)



SubMetThkVariation_AlSiC

		

						Baseplate		Substrate		Substrate Thickness (mm)		Strain Energy Density/Cycle (MPa)

						AlSiC		Si₃N₄		0.25		0.16

										0.32		0.18

										0.5		0.25

										0.63		0.31

										0.75		0.37

										1		0.46

								Al₂O₃		0.25		0.23

										0.32		0.21

										0.5		0.18

										0.63		0.17

										0.75		0.17

										1		0.16

								AlN		0.25		0.16

										0.32		0.16

										0.5		0.18

										0.63		0.20

										0.75		0.22

										1		0.26





SubMetThkVariation_AlSiC

		



Si₃N₄

AlN

Al₂O₃

Substrate Ceramic Thickness (mm)

Strain Energy Density/Cycle (MPa)



BaseplateFootPrintVariation

		

						Baseplate		Substrate		Substrate Thickness (mm)		Substrate Metallization Thickness (mm)		Strain Energy Density/Cycle (MPa)

						Copper		Si3N4		0.63		0.127		3.86

												0.2		3.28

												0.3		2.64

												0.4		2.13

												0.5		1.72

								Al2O3		0.63		0.127		1.81

												0.2		1.54

												0.3		1.24

												0.4		0.99

												0.5		0.79

								AlN		0.63		0.127		3.01

												0.2		2.56

												0.3		2.06

												0.4		1.66

												0.5		1.34

				Cu baseplate and 0.127 bottom metallization (without substrate ceramic and top metallization) - 30576.478 Pa

				Cu baseplate and 0.2 bottom metallization (without substrate ceramic and top metallization) - 30816.28 Pa





BaseplateFootPrintVariation
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CTEProperties

		

						Baseplate		Substrate		Substrate Thickness (mm)		Substrate Metallization Thickness (mm)		Strain Energy Density/Cycle (MPa)

						AlSiC		Si3N4		0.63		0.127		0.44

												0.2		0.31

												0.3		0.22

												0.4		0.18

												0.5		0.19

								Al2O3		0.63		0.127		0.16

												0.2		0.17

												0.3		0.20

												0.4		0.26

												0.5		0.33

								AlN		0.63		0.127		0.26

												0.2		0.20

												0.3		0.17

												0.4		0.18

												0.5		0.20

				Cu baseplate and 0.127 bottom metallization (without substrate ceramic and top metallization) - 30576.478 Pa

				Cu baseplate and 0.2 bottom metallization (without substrate ceramic and top metallization) - 30816.28 Pa





CTEProperties

		



Si3N4

AlN

Al2O3

Substrate Metallization Thickness (mm)

Strain Energy Density/Cycle (MPa)



Sheet1

		

										Strain Energy Density/Cycle (MPa)

								Baseplate Side (mm)		Cu		Al		AlSiC

								50.8		3.02		6.00		0.22

								55.8		3.53		7.19		0.23

								60.8		3.83		7.93		0.23

								65.8		4.05		8.48		0.23

								70.8		4.22		8.90		0.24

						Strain Energy Density/Cycle (MPa) - WB -55.8 Cu				3.52





Sheet1

		



Al

Cu

AlSiC

Baseplate Length (mm)

Strain Energy Density/Cycle (MPa)



		

								CTE (ppm/ °C)

						Material		-40		-20		0		20		40		60		80		100		120		140		160		180		200

						Copper		15.8		16		16.3		16.5		16.7		16.9		17.1		17.3		17.5		17.7		17.8		18		18.2

						Aluminum		21.9		22.1		22.3		22.5		22.7		22.9		23.1		23.3		23.5		23.7		23.9		24.1		24.3

						AlSiC		6.84		7.04		7.24		7.44		7.64		7.84		8.04		8.24		8.44		8.64		8.84		9.04		9.24

						Silicon Nitride		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8

						Aluminum Nitride		4.5		4.5		4.5		4.5		4.5		4.5		4.5		4.5		4.5		4.5		4.5		4.5		4.5

						Aluminum Oxide		8.2		8.2		8.2		8.2		8.2		8.2		8.2		8.2		8.2		8.2		8.2		8.2		8.2

						SAC305		21.6		21.6		21.6		21.6		21.6		21.6		21.6		21.6		21.6		21.6		21.6		21.6		21.6

																																				Material		CTE		Elastic Modulus (GPa)

																																				Cu		1.7E-05		115

																																				Alumina		6.80E-06		370

																																				AlN		4.50E-06		330

																																		CTE of DBC				0.000008115





		



Aluminum

SAC305

Copper

AlSiC

Aluminum Oxide

Aluminum Nitride

Silicon Nitride

Temperature (°C)

Coefficient of thermal expansion (ppm/°C)



						Cu-6mm

		Time (s)		Temperature (°C)		Z Stress (Pa)		Z Stress (MPa)		Z Strain

		22396		150		1.01E+07		10.07		3.16E-02

		22412		150		9.47E+06		9.47		3.18E-02

		22427		150		8.95E+06		8.95		3.21E-02

		22443		150		8.51E+06		8.51		3.24E-02

		22459		150		8.17E+06		8.17		3.26E-02

		22475		150		7.92E+06		7.92		3.28E-02

		22491		150		7.74E+06		7.74		3.30E-02

		22506		150		7.62E+06		7.62		3.31E-02

		22522		150		7.54E+06		7.54		3.33E-02

		22538		150		7.47E+06		7.47		3.34E-02

		22554		150		7.42E+06		7.42		3.35E-02

		22569		150		7.37E+06		7.37		3.36E-02

		22585		150		7.32E+06		7.32		3.37E-02

		22601		150		7.27E+06		7.27		3.38E-02

		22617		150		7.23E+06		7.23		3.38E-02

		22633		150		7.18E+06		7.18		3.39E-02

		22648		150		7.14E+06		7.14		3.40E-02

		22664		150		7.09E+06		7.09		3.41E-02

		22680		150		7.05E+06		7.05		3.42E-02

		22696		150		7.02E+06		7.02		3.42E-02

		22712		150		6.98E+06		6.98		3.43E-02

		22727		150		6.95E+06		6.95		3.43E-02

		22743		150		6.91E+06		6.91		3.44E-02

		22759		150		6.88E+06		6.88		3.45E-02

		22775		150		6.85E+06		6.85		3.45E-02

		22791		150		6.82E+06		6.82		3.46E-02

		22806		150		6.80E+06		6.80		3.46E-02

		22822		150		6.77E+06		6.77		3.47E-02

		22838		150		6.75E+06		6.75		3.48E-02

		22854		150		6.72E+06		6.72		3.48E-02

		22869		150		6.70E+06		6.70		3.49E-02

		22885		150		6.68E+06		6.68		3.49E-02

		22901		150		6.66E+06		6.66		3.50E-02

		22917		150		6.64E+06		6.64		3.50E-02

		22933		150		6.62E+06		6.62		3.51E-02

		22948		150		6.60E+06		6.60		3.51E-02

		22964		150		6.58E+06		6.58		3.51E-02

		22980		150		6.56E+06		6.56		3.52E-02

		23040		145		-2.92E+06		-2.92		3.52E-02

		23100		140		-1.20E+07		-12.00		3.51E-02

		23160		135		-1.75E+07		-17.48		3.48E-02

		23220		130		-1.97E+07		-19.71		3.44E-02

		23280		125		-2.09E+07		-20.88		3.39E-02

		23340		120		-2.15E+07		-21.47		3.33E-02

		23400		115		-2.17E+07		-21.69		3.27E-02

		23460		110		-2.14E+07		-21.36		3.19E-02

		23520		105		-2.09E+07		-20.88		3.11E-02

		23580		100		-2.06E+07		-20.55		3.02E-02

		23640		95		-2.04E+07		-20.37		2.93E-02

		23700		90		-2.03E+07		-20.33		2.84E-02

		23760		85		-2.04E+07		-20.44		2.74E-02

		23820		80		-2.07E+07		-20.68		2.64E-02

		23880		75		-2.10E+07		-21.03		2.54E-02

		23940		70		-2.14E+07		-21.43		2.44E-02

		24000		65		-2.19E+07		-21.88		2.33E-02

		24060		60		-2.24E+07		-22.39		2.23E-02

		24120		55		-2.30E+07		-22.95		2.13E-02

		24180		50		-2.35E+07		-23.55		2.03E-02

		24240		45		-2.42E+07		-24.19		1.93E-02

		24300		40		-2.49E+07		-24.85		1.83E-02

		24360		35		-2.55E+07		-25.55		1.73E-02

		24420		30		-2.63E+07		-26.28		1.63E-02

		24480		25		-2.70E+07		-27.04		1.54E-02

		24540		20		-2.78E+07		-27.85		1.44E-02

		24600		15		-2.88E+07		-28.82		1.35E-02

		24660		10		-2.98E+07		-29.85		1.26E-02

		24720		5		-3.09E+07		-30.94		1.18E-02

		24780		0		-3.21E+07		-32.10		1.09E-02

		24840		-5		-3.33E+07		-33.35		1.01E-02

		24900		-10		-3.47E+07		-34.69		9.30E-03

		24960		-15		-3.61E+07		-36.13		8.53E-03

		25020		-20		-3.77E+07		-37.70		7.80E-03

		25080		-25		-3.93E+07		-39.32		7.08E-03

		25140		-30		-4.11E+07		-41.11		6.39E-03

		25200		-35		-4.31E+07		-43.10		5.74E-03

		25260		-40		-4.52E+07		-45.17		5.11E-03

		25276		-40		-4.42E+07		-44.19		5.07E-03

		25292		-40		-4.37E+07		-43.73		5.03E-03

		25307		-40		-4.33E+07		-43.30		4.98E-03

		25323		-40		-4.29E+07		-42.89		4.94E-03

		25339		-40		-4.25E+07		-42.53		4.90E-03

		25355		-40		-4.22E+07		-42.20		4.86E-03

		25371		-40		-4.19E+07		-41.90		4.83E-03

		25386		-40		-4.16E+07		-41.62		4.80E-03

		25402		-40		-4.14E+07		-41.36		4.77E-03

		25418		-40		-4.11E+07		-41.13		4.74E-03

		25434		-40		-4.09E+07		-40.90		4.71E-03

		25449		-40		-4.07E+07		-40.69		4.68E-03

		25465		-40		-4.05E+07		-40.49		4.66E-03

		25481		-40		-4.03E+07		-40.30		4.63E-03

		25497		-40		-4.01E+07		-40.12		4.61E-03

		25513		-40		-4.00E+07		-39.95		4.59E-03

		25528		-40		-3.98E+07		-39.79		4.57E-03

		25544		-40		-3.96E+07		-39.63		4.54E-03

		25560		-40		-3.95E+07		-39.49		4.52E-03

		25576		-40		-3.93E+07		-39.34		4.50E-03

		25592		-40		-3.92E+07		-39.20		4.49E-03

		25607		-40		-3.91E+07		-39.07		4.47E-03

		25623		-40		-3.89E+07		-38.94		4.45E-03

		25639		-40		-3.88E+07		-38.82		4.43E-03

		25655		-40		-3.87E+07		-38.70		4.42E-03

		25671		-40		-3.86E+07		-38.58		4.40E-03

		25686		-40		-3.85E+07		-38.47		4.38E-03

		25702		-40		-3.84E+07		-38.36		4.37E-03

		25718		-40		-3.83E+07		-38.26		4.35E-03

		25734		-40		-3.82E+07		-38.16		4.34E-03

		25749		-40		-3.81E+07		-38.06		4.32E-03

		25765		-40		-3.80E+07		-37.96		4.31E-03

		25781		-40		-3.79E+07		-37.86		4.29E-03

		25797		-40		-3.78E+07		-37.77		4.28E-03

		25813		-40		-3.77E+07		-37.68		4.27E-03

		25828		-40		-3.76E+07		-37.60		4.25E-03

		25844		-40		-3.75E+07		-37.51		4.24E-03

		25860		-40		-3.74E+07		-37.43		4.23E-03

		25920		-35		-2.82E+07		-28.19		4.22E-03

		25980		-30		-1.90E+07		-18.97		4.22E-03

		26040		-25		-9.79E+06		-9.79		4.22E-03

		26100		-20		-735253		-0.74		4.22E-03

		26160		-15		8.09E+06		8.09		4.23E-03

		26220		-10		1.67E+07		16.70		4.26E-03

		26280		-5		2.49E+07		24.87		4.35E-03

		26340		0		3.25E+07		32.54		4.48E-03

		26400		5		3.93E+07		39.33		4.65E-03

		26460		10		4.46E+07		44.63		4.86E-03

		26520		15		4.82E+07		48.23		5.11E-03

		26580		20		5.02E+07		50.23		5.41E-03

		26640		25		5.08E+07		50.81		5.74E-03

		26700		30		5.02E+07		50.23		6.11E-03

		26760		35		4.85E+07		48.47		6.54E-03

		26820		40		4.62E+07		46.17		7.00E-03

		26880		45		4.37E+07		43.74		7.52E-03

		26940		50		4.12E+07		41.24		8.09E-03

		27000		55		3.87E+07		38.70		8.71E-03

		27060		60		3.62E+07		36.17		9.38E-03

		27120		65		3.36E+07		33.59		1.01E-02

		27180		70		3.10E+07		31.04		1.09E-02

		27240		75		2.85E+07		28.53		1.17E-02

		27300		80		2.61E+07		26.15		1.25E-02

		27360		85		2.39E+07		23.90		1.34E-02

		27420		90		2.18E+07		21.81		1.44E-02

		27480		95		1.99E+07		19.94		1.53E-02

		27540		100		1.83E+07		18.32		1.64E-02

		27600		105		1.70E+07		16.96		1.74E-02

		27660		110		1.58E+07		15.83		1.85E-02

		27720		115		1.49E+07		14.90		1.97E-02

		27780		120		1.41E+07		14.08		2.09E-02

		27840		125		1.34E+07		13.37		2.22E-02

		27900		130		1.28E+07		12.78		2.36E-02

		27960		135		1.23E+07		12.26		2.51E-02

		28020		140		1.18E+07		11.81		2.67E-02

		28080		145		1.14E+07		11.42		2.84E-02

		28140		150		1.11E+07		11.06		3.03E-02





		0.0276558		0.031039		0.00426353		0.00346154

		0.0279074		0.0310325		0.00422608		0.00345851

		0.0281621		0.0309413		0.00418613		0.00345848

		0.0284048		0.0306944		0.00414529		0.0034588

		0.0286244		0.0303134		0.00410685		0.00345935

		0.0288157		0.02986		0.0040712		0.00346213

		0.0289786		0.0293428		0.00403798		0.00348785

		0.0291169		0.0287691		0.00400682		0.00356746

		0.0292362		0.0280983		0.00397746		0.00368678

		0.0293422		0.0273982		0.00394969		0.00383575

		0.0294392		0.0266435		0.00392334		0.00402226

		0.0295298		0.0258482		0.00389824		0.004251

		0.0296155		0.0250235		0.00387428		0.00451869

		0.0296969		0.0241633		0.00385135		0.00482161

		0.0297748		0.0232901		0.00382935		0.00515605

		0.0298494		0.0224002		0.00380821		0.00554802

		0.029921		0.021499		0.00378786		0.00597029

		0.02999		0.0205914		0.00376823		0.00643273

		0.0300566		0.0196813		0.00374928		0.00693862

		0.0301209		0.0187748		0.00373094		0.0074826

		0.0301833		0.0178739		0.00371319		0.00807609

		0.0302438		0.0169801		0.00369598		0.008709

		0.0303025		0.0160953		0.00367927		0.00939524

		0.0303597		0.0152206		0.00366304		0.0101207

		0.0304154		0.0143569		0.00364725		0.0108861

		0.0304696		0.0135051		0.00363188		0.0116803

		0.0305226		0.0126695		0.0036169		0.0125062

		0.0305744		0.0118515		0.0036023		0.0133659

		0.0306251		0.0110522		0.00358805		0.0142614

		0.0306747		0.0102728		0.00357414		0.0151947

		0.0307232		0.0095079		0.00356054		0.0161804

		0.0307708		0.00876657		0.00354724		0.0172087

		0.0308175		0.00805038		0.00353424		0.0182957

		0.0308634		0.00736073		0.0035215		0.0194463

		0.0309084		0.00668749		0.00350903		0.0206658

		0.0309527		0.00604502		0.00349681		0.0219735

		0.0309962		0.00542059		0.00348483		0.0233748

		0.031039		0.00483211		0.00347308		0.0248903

				0.00426353		0.00346154		0.026541
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HighDwellCu

RampDownCu

LowDwellCu

RampUpCu

HD_Cu-6mm

RD_Cu-6mm

LD_Cu-6mm

RU_Cu-6mm

Strain (Z)

Stress Z (MPa)

Cu Baseplate

9.87353

6.42122

-45.6024

-37.8683

9.23847

-2.51737

-44.6278

-28.9891

8.69985

-11.2436

-44.1644

-20.142

8.26528

-16.847

-43.7344

-11.3478

7.93482

-19.3562

-43.3352

-2.67531

7.6978

-20.5855

-42.9741

5.78289

7.53602

-21.2609

-42.6478

14.0228

7.42808

-21.5338

-42.3498

21.9073

7.35334

-21.2658

-42.075

29.3273

7.29529

-21.0149

-41.82

36.0442

7.24359

-20.8189

-41.5817

41.5434

7.19366

-20.6586

-41.3582

45.5625

7.14439

-20.5962

-41.1476

48.0927

7.09614

-20.6241

-40.9486

49.2206

7.0495

-20.7793

-40.7598

49.1329

7.00487

-21.0607

-40.5802

47.7676

6.96242

-21.4283

-40.4091

45.7667

6.92218

-21.8679

-40.2455

43.5372

6.88407

-22.3716

-40.089

41.2034

6.84796

-22.9289

-39.9389

38.8742

6.81374

-23.541

-39.7947

36.4831

6.78127

-24.2023

-39.656

34.0941

6.75044

-24.8859

-39.5224

31.6071

6.72111

-25.6003

-39.3936

29.1533

6.69319

-26.3503

-39.2691

26.7453

6.66657

-27.1392

-39.1488

24.5001

6.64116

-28.0246

-39.0324

22.4053

6.61686

-28.9863

-38.9196

20.4748

6.59362

-30.0213

-38.8102

18.7481

6.57134

-31.1326

-38.7041

17.2615

6.54996

-32.266

-38.601

15.9572

6.52944

-33.5128

-38.5008

14.9148

6.5097

-34.8811

-38.4033

14.0519

6.4907

-36.3845

-38.3084

13.3235

6.47239

-37.9348

-38.2159

12.711

6.45474

-39.6629

-38.1258

12.1626

6.43769

-41.4574

-38.0379

11.6827

6.42122

-43.4812

-37.9521

11.2569

-45.6024

-37.8683

10.8781
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Substate Attach – Material Options

Pressureless

Hybrid silver SEM image

Cu-Al

AlN

AlSiC

Cu-Al bond SEM image

Cu: Copper
Al: Aluminum
Sn: Tin 
AlN: Aluminum Nitride
AlSiC: Aluminum Silicon-CarbideSEM – scanning electron microscope

Image credit: Yansong Tan
Image credit: Darshan Pahinkar 
Pahinkar

High-
Temperature 
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Tech

Sintered 
Silver

Pressureless

Low-
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Assisted
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Sintered 
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Cu/Sn 3 MPa

10 MPa
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Substate Attach – Reliability Evaluation

25-mm diameter copper and invar 
coupons: non-plated (top), plated with 4-

µm-thick silver (bottom)

-100
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200
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)

Time (min)

Thermal Cycling

Samples placed on thermal platform for thermal cycling (left); acoustic microscope images of these 
samples are taken periodically (right)

Samples reduce in bond area during thermal cycling

Sintered 
silver bond

Outer 
Coupon 

(Cu/Invar)

Invar

Copper
Sample Structure

SAC305

95Pb5Sn
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Substrate Alternatives Research

• DBC (direct bond copper)
– Oxidation of Cu foils during bonding lowers melt 

temperature from 1,083°C to 1,065°C
– Maximum metallization thickness of 1 mm
– Must have metallization layers on both sides of ceramic.

• AMB (active metal bonding)
– Brazing process with Ag-Cu alloy between Cu and ceramic at 

850°C in vacuum
– Requires more process steps and is more expensive than 

DBC.
• ODBC (Organic Direct Bond Copper)

– A polyimide dielectric is bonded with metal
– No limitations in metal material or metallization thickness.

DuPont Temprion
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Substrate Thermal Modeling

• Completed thermal parametric analysis of quilt package 
devices mounted onto ODBC substrates
o Device spacing: 0.01–4 mm
o ODBC layers: single and double layers
o ODBC thickness: 25 μm and 35 μm
o Metallization thickness: 0.1–4 mm
o Heat transfer coefficient: 1,000–30,000 W/(m2·K) at 65°C.

Layer Material Thickness 
(mm)

Devices SiC 0.18

Die-Attach SAC 305 0.1

Metallization 
Layers Cu 0.1–4

Insulation 
Layers ODBC 0.025, 

0.035

Device
Solder
Metallization
Temprion
Metallization

Device
Solder
Metallization
Temprion
Metallization
Temprion
Metallization
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Substrate Thermomechanical Modeling

• Thermomechanical analysis of device-attach solder 
layer was completed
– Top metallization thickness was varied from 0.1 to 4 mm
– Sample package thermally cycled between −40°C and 150°C
– Strain energy density values were calculated within the solder 

layer
– Modeling results indicate that strain energy density values do 

not significantly increase with top metallization thickness.
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Substrate Accelerated Testing

• Thermal Shock: −40°C to 
200°C, 5-minute dwells

• Thermal Aging: 175°C
• Power Cycling: 40°C to 200°C

Power Cycling Test Setup

• ODBC substrates reached 
5,000 thermal shock cycles, 
1,900 thermal aging hours 
aging, and 2,200 power cycles.

• No significant decease in 
electrical or thermal 
performance was observed.

Substrates Undergoing Aging
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Electrical Interconnect Research

• Alternative interconnect designs are required as devices are reduced in size and 
spacing between devices is minimized.

• Traditional wire interconnects or etched substrates for topside electrical 
connections can be replaced with direct chip-to-chip connection.

Image Credit: Indiana Integrated Circuits, https://www.eejournal.com/article/20150302-quilt/

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.eejournal.com%2Farticle%2F20150302-quilt%2F&data=04%7C01%7CSreekant.Narumanchi%40nrel.gov%7Cf37238bc37a3490a250908d8cfb9455b%7Ca0f29d7e28cd4f5484427885aee7c080%7C0%7C0%7C637487742265987093%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=H%2FyWWUytqdMV53R1ZFmT98gnQcb5qae8kosxBvSl3vs%3D&reserved=0
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Quilt Packaging Reliability Experimental Evaluation
• Evaluated quilt packaging samples under thermal 

cycling and vibration experiments
– Sinusoidal Vibration: 20-Hz to 1,000-Hz sweep, 5-g 

acceleration, 2-hour duration (IEC 60068-2-6)
– Mechanical Shock: half-sine pulse, 30-g 

acceleration, 18-ms duration, repeating three times 
(IEC 60068-2-27)

– Thermal Cycling: –40°C to 150°C, 10°C/min ramp 
rate, 15-min soak, 1,000 cycles (JESD22-A104D).

• Electrical resistance measurements increased 
significantly for all samples that were subjected to 
mechanical shock and thermal cycling tests.

Nodule Electrical Resistance

Sample 5 after 
400 Thermal 

Cycles

IIC Package on Dupont ODBC 
Substrate
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Future Package Designs

Device
Polyimide Substrate

Die Attach
Interconnect/
Terminal

Encapsulant

Baseplate

Interconnect/
Terminal

Polyimide Substrate
Baseplate

Device
Polyimide Substrate

Die Attach
Interconnect/
Terminal

Encapsulant

Baseplate

Interconnect/
Terminal

Device
Polyimide Substrate

Baseplate Interconnect/
Terminal

Die Attach

Sources:
Anwar, M., Hayes, M., Tata, A., Teimorzadeh, M., & Achatz, T. (2015). Power Dense and Robust Traction Power 
Inverter for the Second-Generation Chevrolet Volt Extended-Range EV. SAE International Journal of Alternative 
Powertrains, 4(1), 2015–01–1201–8. http://doi.org/10.4271/2015-01-1201
Yoon, S.W., Shiozaki, K., and Kato, T. (2014). Double-sided nickel-tin transient liquid phase bonding for double-sided 
cooling. IEEE Applied Power Electronics Conference and Exposition – APEC, 527-530
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