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***THIS TOPIC IS NOW CLOSED***
Topic #2:  Reliable 4H-SiC MOSFET for Hybrid Electric Vehicle Power 
 


Systems
OBJECTIVE:   Innovative approach to overcome limitations and develop a reliable, efficient, high-current, high-temperature 4H-SiC MOSFET suitable for Army combat vehicle applications.
DESCRIPTION:   
MOSFETs (metal-oxide semiconductor field effect transistors) made from  the 4H polytype of silicon carbide (4H-SiC)  have the theoretical potential to provide significantly better electrical and thermal performance than that of silicon power semiconductor devices.    The advantages are particularly significant for devices designed to operate in the 600V-1200V range expected to be used in future Army hybrid electric combat vehicles.  Improved device performance will enable smaller, lighter, more efficient power systems for these vehicles.  Present 4H-SiC MOSFET devices have critical limitations that degrade their reliability, efficiency, and current rating, and preclude their use in combat hybrid-electric vehicles.  
TARDEC is seeking an innovative approach that will demonstrate improved reliability, efficiency and current density. The approach must address these three factors:  1) low and unstable threshold voltage (“turn-on” voltage), 2) low channel mobility, 3) poor gate oxide reliability at high temperature and electric field.  It is essential that the approach address all three of these factors simultaneously.  The innovative approach may provide additional means to improve reliability, efficiency and current density.
Low threshold voltage can result in unacceptably high leakage current, or normally-on behavior.   This may be evident immediately, or may be observed over time.  In some cases, it may only occur after operation at higher junction temperatures.  This makes devices unreliable, and unsuitable for both Army Combat Vehicle Applications and commercial applications.

Low channel mobility results in high on-state resistance.   High on-state resistance results in conduction losses which reduce efficiency and limit device current rating.   The upper range of channel mobility reported for 4H-SiC MOSFETS is approximately 70 cm2/V-s.  This is considerably lower than the theoretical value of approximately 250 cm2/V-s.    Increasing channel mobility can be expected to result in higher efficiency and higher current rating.   

Gate oxide reliability in 4H-SiC MOSFET devices has not yet been sufficiently improved to ensure reliable operation while operating at high junction temperature and high electric field.  
Contractor shall fully develop the approach, and validate by:  semiconductor modeling and arguments based on principles of semiconductor physics, measurements on test devices, and delivery of characterized power devices with improved performance.

Contractor shall design, fabricate and measure test devices to validate the success of their approach.   Test device measurements must confirm achieving a channel field effect mobility greater than or equal to 140 cm2/V-s at 200 degrees C.   The same test devices must also simultaneously demonstrate a stable threshold voltage that remains in the range of 2-5V, over a temperature range from 0 to 200 degrees C.  Test devices must meet this threshold voltage stability requirement after performing a minimum of 10,000 switching cycles.  Threshold voltage must be determined from the field effect channel mobility vs. gate voltage characteristic.  

Contractor shall fabricate and deliver four packaged single-die 4H-SiC MOSFET devices, rated at a blocking voltage greater than or equal to 1200V, and a continuous current of 10A, or higher.   Devices must demonstrate a specific on-state resistance of less than or equal to  0.007 ohm-cm2 at  25 degrees C,  and a threshold voltage in the range of 2 – 5 volts over the case temperature range  25 – 175 degrees C.   The specific on-state resistance requirement is based on a one micron gate length.  Test devices must meet this threshold voltage stability and on-state resistance requirement after performing a minimum of 10,000 switching cycles.

Fabrication and Test of demonstratable samples is a critical/important goal of this project.  Consequently proposals that do not include fabrication, test, and delivery of sample devices will not be considered.

PROPOSALS THAT REFLECT A “PARTIAL SOLUTION” TO THE TECHNICAL OBJECTIVE ARE NOT ACCEPTABLE.   IT IS ALL OR NOTHING.

ESTIMATED MAXIMUM FUNDING AVAILABLE:  $750k
DESIRED AWARD DATE (IF KNOWN):  SEPTEMBER 2005
PERIOD OF PERFORMANCE:  24 months

MILESTONE SCHEDULE: 

a. Discussion Timeframe:  May 23, 2005 through June 10, 2005
b. Electronic Copies of Proposals Due:  July 1, 2005
c. Estimated Award Date:  September 2005
TECHNICAL POC:  Terence Burke
ADDRESS: U.S. Army TARDEC


Attn: AMSTA-TR-R, Mail Stop 121



6501 East Eleven Mile Road



Warren, MI.  48397-5000
PHONE:  
(586)574-6816
FAX:

(586)574-5054
EMAIL:
burkete@tacom.army.mil
CONTRACTING OFFICER:  Michael Cioni
EMAIL: michael.cioni@us.army.mil
CONTRACT SPECIALIST:  Barbara A. Peterson

EMAIL: barbara.a.peterson@us.army.mil
