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A Double-side Cooled SiC MOSFET Power Module with Sintered-silver Interposers I. Design, Simulation, Fabrication, and Performance Characterization





ABSTRACT
Planar, double-side cooled power modules are emerging in electric-drive inverters because of their low profile, better heat extraction, and lower package parasitic inductances. However, there is still concern about their reliability due to the rigid interconnection between the device chips and two substrates of the power module. In this paper, a porous interposer made of low-temperature sintered silver is introduced to reduce the thermo-mechanical stresses in the module.     A double-side cooled half-bridge module consisting of two 1200 V, 149 A SiC MOSFETs was designed, fabricated, and characterized. By using the sintered-Ag instead of solid copper interposers, our simulation results showed that at a total power loss of 200 W, the thermo-mechanical stress at the most vulnerable interfaces (interposer-attach layer) was reduced by 42 % and in the SiC MOSFET by 50 % with a trade-off of only 3.6 % increase in junction temperature. The sintered-Ag interposers were readily fabricated into desired dimensions without post-machining and did not require any surface finishing for die-bonding and substrate interconnection by silver sintering. The porous interposers were also deformable under a low force or pressure, which helped to accommodate chip thickness and/or substrate-to-substrate gap variations in the planar module structure, thus simplifying module fabrication.

                           
                          CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

· The efforts presented in this section summarize admirable research to place SiC technology a cut above conventional silicon power modules in terms of performance. 
· All the above approaches used existing packaging technologies and materials in novel ways, and employed good engineering practices to develop next generation power electronics modules.
· This approach sounds ideal and gives the sense of approaching virtually monolithic electronics modules. Concepts involving embedded systems with power die, passives, and interconnections within a single interposer block follow this approach. 
· It is also possible, if desired, to integrate thermal management within the interposer, to compensate for the comparatively lower thermal conductivities of most existing interposer materials. 
2.1.1 DRAWBACKS OF EXISTING SYSTEM  : 
· Thermal cycling of the fabricated double-sided cooling power modules revealed some reliability issues attributed to thermal stresses of their multiple joints. 
· This is possibly due to poor joints as the result of aluminum interconnection on these power devices. High thermal stress may also contribute to the failure of the power module.
· In order to eliminate the damage on the delicate die top surface when installing modules into the coolers, individual spring unit was used to contact the chip.
· These stresses cause detrimental damage to the power chips, substrates and other parts of the module if they are not properly managed.
2.2. PROPOSED SYSTEM 
· Some of the solutions that have been proposed to address these issues are using compliant mechanical materials like sintered silver as the die attach material.
· Most of the 3D packaging solutions proposed to date utilize Si devices. These propositions came at a time when Si technology was hitting a limit in terms of performance. Wire bondless integration offered hope from the standpoint of better signal integrity and reliability.
· There have been several attempts to provide better alternatives to wire bonding through 3D wire bondless technology. Although the industry has adopted a handful of these propositions, most of the proposed solutions exist only as proof-of-concept.
2.2.1. ADVANTAGES OF PROPOSED SYSTEM
· The double-sided cooling is the trend for the power electronics packaging, with the potential ability to improve thermal performance, reduce parasitics of the power electronic modules. 
· The base plate is removed from the module structure to reduce thermal stress induced by the bimetallic effect and the thermal resistance between junction and ambient. 
· The double-sided DBC structure provides a mechanical balanced structure to enable double-sided cooling capability for a better thermal performance.
· In order to minimize the parasitic inductance and improve the thermal performance of the package, the top and bottom sides of the DBC are in direct contact with the power devices metal pads.
Literature Survey:
	             TITLE
	            AUTHORS
	     DESCRIPTION

	Low temperature electronic cooling
	Roger R. Schmidt, 
	This paper explores the benefits of cooling the device using direct and indirect refrigeration cooling systems.

	Compact thermal modeling for temperature-aware design
	Wei Huang, Mircea R. Stany, Kevin Skadronz and Karthik Sankaranarayanan, 
	Thermal design in sub-100nm technologies is one of the major challenges to the CAD community.

	Leakage current mechanisms and leakage reduction techniques in deep-submicrometer CMOS circuits
	K. Roy, S. Mukhopadhyay and H. Mahmoodi-Meimand, 
	This paper reviews various transistor intrinsic leakage mechanisms, including weak inversion, drain-induced barrier lowering, gate-induced drain leakage, and gate oxide tunneling.

	The changing automotive environment: high-temperature electronics
	R. W. Johnson, J. L. Evans, P. Jacobsen, J. R. Thompson and M. Christopher, 
	The underhood automotive environment is harsh and current trends in the automotive electronics industry will be pushing the temperature envelope for electronic components.



2.3 FEASIBILITY STUDY
The feasibility Analysis is an analytical program through project manager determines the project success ratio and through feasibility study project manager able to see either project. The key considerations involved in the feasibility analysis are:
· Economic Feasibility
· Technical Feasibility
· Operational Feasibility
· Environmental Feasibility
2.3.1 ECONOMICAL FEASIBILITY
Hence this project is economically feasible there is no need to involve any cost for this project. 
2.3.2 TECHNICAL FEASIBILITY
Software Technologies used are PHP and MySql. In the educational institutions, it is possible to update the system in future. No special hardware is required for the purpose of using this system. Hence it is declared that this project is technically feasible.
2.3.3 OPERATIONAL FEASIBILITY
As the admin work mainly to maintain the Patient and Doctor .Doctor will predict patient cancer disease. Hence it is easy to operate with training. Therefore it is operationally feasible for implementation.
2.3.4 ENVIRONMENTAL FEASIBILITY
This project environment is correct as a admin has developed this system and no expenditure is involved under any head and this process is part of admin document management, this project environment is accessible.   
2.4 SYSTEM REQUIREMENTS
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse	: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard

2.4.1 HARDWARE REQUIREMENTS
             The Hardware of the computer consists of physical component such as Input Devices, Storage Devices, Processing & Control units and Output Devices.  Computer includes external storage unit to store data in programs.
           The Hardware Configuration involved in this project
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse 		: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard

2.4.2 SOFTWARE REQUIREMENTS 
 	Software is a group of programs that computers need to do a particular task.  It is an essential requirement of Computer System. The Software used to develop the project is
· Operating System	: Windows XP.
· Platform		: DOT NET TECHNOLOGY
· Front End		: ASP.Net 3.5
· Back End		: SQL SERVER 2005




CHAPTER 3
  SYSTEM DESIGN AND DEVELOPEMENT
SYSTEM ARCHICTURE
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                                                      CHAPTER 4
TESTING AND IMPLEMENTATION

0. TESTING
 Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one.

 4.1.1Unit Testing
	Unit testing comprises the set of tests performed by an individual programmer prior to integration of the unit into a larger system. The module interface is tested to ensure that information properly flows into and out of the program unit. The local data structure is examined to ensure that data stored temporarily maintains its integrity during all steps in an algorithm’s execution. Boundary conditions are tested to ensure that the module operates properly at boundaries established to limit or restrict processing. All independent paths through the control structure are tested. All error-handling paths are tested.

4.1.2 Block Box Testing
Black-box testing is a method of software testing that examines the functionality of an application without peering into its internal structures or workings. This method of test can be applied virtually to every level of software testing: unit, integration, system and acceptance. It is sometimes referred to as specification-based testing.




4.2 SYSTEM IMPLEMENTATION
Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one. 

















                               CHAPTER 5
CONCLUSION:
       A novel double-sided cooling power electronic module was designed, analyzed, simulated, and fabricated. The salient feature of this power module is the use of a LTCC die frame and a dielectric material between the top and bottom DBC substrates to relieve the thermal stress of the rigid conventional double-sided power modules. Finite element simulations were performed to investigate the thermal and thermo-mechanical performance of the double-sided cooling module and these results were compared to existing double-sided and single-sided power modules. Compare to the single-sided cooling module, the double-sided cooling modules induce a larger thermal stress due to the symmetrical structure of the double-sided cooling module and their different material layers are constraint to move in the horizontal direction instead of the ability to bend in the vertical direction as in a single-sided module. Simulation results show that the LTCC die frame and dielectric layer reduces the thermal stress of the SiC devices by about 25%. The module was successfully fabricated using a packaging material system for operation to 200oC. 
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Figure 1: 3D silver sintering process setting




