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VI Hierarchy Challenges / Achievements
•Procuring Equipment
•Developing Software Interface in
both LabVIEW and Interactive
Characterization Software

•HP4145B Parameter Analyzer
•HP 4275A LCR Meter
•Tektronix 371A Curve Tracer
•Keithley 706 Matrix Switch

•Implementing Automated Tasks
•Analyzing Data

SiC Targeted as Enabling Technology
           for the Force XXI Army

High Temp / High Power
Low Specific Resistance

       200o C Coolant
Smaller / More Efficient
        Power Modules

 Abstract:  Pulsed-laser deposited (PLD) AlN is being investigated as a promising
 dielectric material for use in SiC high-temperature motor-control electronics.  Under
 this project PLD AlN films were grown, physically characterized, and incorporated
 into capacitor  test structures.  Software algorithms were also developed and used for
 high-temperature  (25° to 450º C) electrical characterization of the AlN capacitors.

Introduction:   The results of recent Army studies show overwhelming advantages 
of electric drives over mechanical propulsion systems.  But many of these advantages
are off-set by having to cool the electronics to 125° C which is a requirement for
current state-of-the-art (silicon based) electronics.  Since the only available vehicle
coolant is 150º C engine oil, an additional cooling system would be required at
significant volume and weight penalty.  Hence the emerging SiC semiconductor has
been targeted as an enabling technology for these future electric drive applications.
But at this time there are no high-temperature insulator materials that have been
qualified to operate reliably at temperatures of 300º C and under fields of 2 MV/cm.

Sample Virtual Instrument Diagram
Software Development
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Electrical Characterization
CREE SiO 2 MOSFET Sam ples
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Current density versus electric
field for TiN/AlN/SiC capacitor
at varying temperatures.
Collected using HP4145B and
Interactive Characterization
Software.
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8.0 - 9.6 pF
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11.21 -12.8 pF
12.81 -14.4 pF
14.41 - 16.0 pF
> 16.1 pF
Unusable/Bad

Color coded diagram of the
capacitance values for AlN/SiC
sample chip  under varying bias
voltage at  room temperature.
Collected using HP4275B and
LabVIEW .

Current versus voltage
measurements for several SiO2

MOSFET gates on a SiC test
chip from CREE industry.
Collected using HP4145B and
Interactive Characterization
Software.

Leakage Currents in high quality pulsed-laser deposited aluminum nitride on 6H silicon carbide
from 25 to 450 °C
C.J. Scozzie, A.J. Lelis, F.B. McLean, R.D. Vispute, S.Choopun, A. Patel, R.P. Sharma, and T. Venkatesan,
Accepted in Journal of Applied Physics (1999).

Pulsed laser deposited AlN films for high-temperature SiC MIS devices,
R. D. Vispute, A. Patel, Kathleen Baynes, Bin Ming, R. P. Sharma, and T. Venkatesan, C. J. Scozzie, A. Lelis,
T. Zheleva, and K. A. Jones, Abstract submitted to MRS Fall Meeting, Boston, 1999.
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Gate Turn-Off Thyristor

Edge passivation
required for absorption
and confinement of
electric field.
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Material ε
ECritical    
(MV/cm)
@ 25 °C

EOperating
(MV/cm)
@ 300 °C

ε Eop
(MV/cm)
@ 300 °C

   SiC 10 3 3  30
  SiO2 3.9 11 2  7.8

PLD AlN 8.5 10-12  >3 >25

Thickness = 3950-4000 Å

Adaptive Suspensions
Track Tension Adjustment
Electronic Clutch Control
On-Engine Monitor / Control
Power Steering
Brake Systems
Electric Drive Systems


