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ABSTRACT 

High power electronics are approaching their limit with Silicon (Si) 

semiconductor devices, and a new material will soon be needed to take over in high stress 

and high temperature environments.  Silicon Carbide (SiC) is a newly introduced material 

that may be the next step for a high power semiconductor material. 

Testing of this material has been done previously and this is a slightly different 

approach/continuation of that work.  The work done concluded that SiC is a durable 

material that will be a good solution for high power semiconductor devices. 

This testing has been done to help further characterize and determine the viability 

of SiC JFET devices at room temperature and 150°C.  The series of tests included are 

designed to highly stress the device and try to find out if any other properties of SiC are 

different from Si.  The tests performed on these devices are millions of high current 

discharges through the devices at room temperature and 150°C.  These conditions push 

the material to its limit and are far beyond what Silicon devices could handle.  The results 

from all the testing is documented and analyzed to better understand how this new 

material reacts under high stress.  The tests concluded that SiC is a very durable material 

and should be tested further to continue the advancement of the understanding and use of 

this material.  
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CHAPTER 1 

INTRODUCTION 

 Further design, development, and research are done with power electronics to 

improve aspects of semiconductor materials.  Improvements are being made in current 

density and power handling capabilities of the devices.  Although many improvements 

are being made to these devices, the downfall of the current devices is the material being 

used.  Silicon (Si) has long been, and is still currently, the main semiconductor material 

for use in many systems.  As research has gone on, the Si devices are being pushed 

harder and harder to gain more efficiency and handle more power, resulting in the real 

devices approaching the theoretical maximums.  For power semiconductors, further 

optimization of these devices will require a new material to be used as the semiconductor. 

 Silicon Carbide (SiC) is a new semiconductor material being researched [1] [2] 

[3] [4] and tested to continue increasing efficiency, current densities, and power handling 

capabilities of semiconductors.  SiC has been manufactured since 1893 when it was 

discovered by Edward Goodrich Acheson [5] and found to have a high durability in 

stressful environments.  The material is ideal for power electronics because of its electric 

field strength, current density, and operating temperatures.  As seen in Table 1.1,Error! 

Reference source not found. SiC has a much higher Thermal Conductivity than Si, 

allowing SiC to dissipate heat at a faster rate than Si.  Compared to Si, SiC can withstand 

much higher temperatures during operation [6]; while Si has a max operating temperature 

of around 125°C, SiC has a maximum in excess of 500°C.  Although this is a huge 
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improvement, the solder and wire bonds will melt at this extreme temperature.  One of 

the largest improvements of SiC over Si is the voltage blocking ability.  Si has a band gap 

of 1.11eV while SiC has a band gap of nearly three times that of Silicon at 3.26eV [7] 

[8].  This can be used in power devices to either reduce the size of the semiconductor or 

increase the rated voltage and current of the semiconductor device.  

 

Table 1.1 Fundamental Material Properties [8] 

 In the 1980‟s research of Silicon Carbide to be used as a solid state alternative to 

Silicon started.  As any new material, SiC also has been through its fair share of 

challenges after being introduced.  The largest challenge was overcoming the 

development of SiC; the crystalline ingots were not growing large enough and growing 
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with far too many defects to produce an effective yield.  Although production of SiC has 

greatly improved over the years, it still has a far higher defect level than Si.  Another 

obstacle that had to be overcome in the development was the growth of the Silicon 

Dioxide (SiO2) layer that is used as the dielectric for switches.  With SiC, SiO2 does not 

form a good bond with the semiconductor.  This dielectric layer between the channel and 

the gate of the devices has a critical role in power switches.  If these layers do not have a 

good bond the result is a lossy switch [7]. 

 Since the 1980‟s many of these obstacles have been overcome enough to design, 

produce, and build experimental devices.  Before being sold on the open market, these 

devices need to be well tested and understood.  All the advantages over a Si switch and 

any downfalls of the material must be proven and improved upon through extensive 

testing.  Further testing will result in SiC being a more widely used material as more is 

learned about how the semiconductor behaves.  
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CHAPTER 2 

BACKGROUND THEORY 

2.1 Junction Field Effect Transistor (JFET) 

 Like a MOSFET, a JFET is a 3 terminal device with a drain, source, and gate.  

The JFET is a majority carrier device, meaning the JFET is a voltage-controlled device.  

The gate also has high impedance, which does not allow current to flow into the device 

through the gate.  As seen in Figure 2.1 the JFET uses a p-n junction instead of the Metal-

Oxide Semiconductor (MOS) structure to control the channel.  Because of the p-n 

junction at the gate of the JFET, the gate can only be reverse biased.  If forward biased, 

the gate will act like a diode and conduct current. 

 

Figure 2.1 Basic High Power JFET Structure [9] 
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2.1.1 JFET Conduction Mode 

Unlike a MOSFET, the JFET is a normally on device; this means when no gate 

bias voltage is applied current is allowed to flow from drain to source.  As a negative gate 

voltage is applied, the p-n junction is reverse biased and forms a depletion region around 

the p-type implant.  This depletion region is what limits the current between the source 

and drain.  The area of the depletion region is relative to the negative gate voltage and as 

gate voltage negatively increases the channel through the device narrows.  When the gate 

voltage is negatively increased to Vp, or pinch-off voltage, the depletion regions from the 

p-type implants from each side reach the middle of the channel and decrease the drain 

voltage to zero, when this point is reached the channel is described as being pinched-off 

[10].  As the Vds is low, the device will stay in the linear region as shown in Figure 2.2.  

As the current increases on the device the drain-source voltage also increases as the 

device enters the saturation region, according to the generalized figure.  The I-V curves 

[Figure 2.2] also show how differing the gate bias voltage will affect the drain-source 

voltage in respect to drain current.  Figure 2.3 shows how the channel is being pinched-

off between the two gate contacts.  Current cannot increase after pinch-off, but will 

continue to flow due to the charge carriers being swept across the depletion region by the 

electric field. 
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Figure 2.2 Drain Current Relative to Vgs and a Generalized I-V Curve for JFET Devices [11] 

 

Figure 2.3 Saturated JFET Showing Pinched-off Channel [10] 
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2.1.2 JFET Blocking Mode 

The blocking voltage of the JFET device is dependent upon the gate bias voltage.  

The size of the depletion region is relative to the gate voltage, as the gate voltage 

negatively increases the area of the depletion region increases; when the depletion region 

becomes wider, the voltage to overcome the region becomes larger.  This voltage needed 

to overcome the depletion region is called the breakdown voltage.  As the breakdown 

voltage is reached avalanche breakdown occurs and the device will fail due to the 

depletion region being overwhelmed.  Differing breakdown voltages relative to gate 

voltage is shown in Figure 2.4. 

 

Figure 2.4 Generic JFET Showing Blocking Voltage and Avalanche Breakdown [9]  
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2.2 Previous Work [9] 

 Prior to this research, Kevin Lawson had worked with SiC JFETs testing the pulse 

currents of these devices.  The tests were performed with SiC JFET devices designed by 

Northrop Grumman and provided to Texas Tech University by the Army Research Lab. 

2.2.1 Brief Overview 

 The devices that were used were experimental SiC JFET devices [Figure 2.5] to 

be tested to evaluate switch performance under realistic application conditions. 

 

Figure 2.5 Northrop Grumman Experimental JFET with Visible Die [9] 

 An experimental test bed had to be produced to test high current pulses on these 

new devices.  By using overlapping traces on the top and bottom of opposing currents, 

parasitic inductance is reduced by the cancelling of their magnetic fields and the “wagon-
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wheel” layout was used to decrease parasitic inductance further by using four parallel 

resistors and four parallel capacitors.  The traces were made large to reduce resistance of 

the path.  The test bed shown in Figure 2.6 and the top and bottom layout from 

EagleCAD of the high current test bed is shown in Figure 2.7.  

 

Figure 2.6 Test Bed Used in Previous Work [9] 
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Figure 2.7 EagleCAD Design Layout of Test Bed [9] 

The circuit [Figure 2.8] used for this test was chosen by matching the parasitic 

inductance of the board, the equivalent resistance, and the equivalent capacitance to 

maximize current through the device without current reversal.  The charging device, set 

at 150V for these tests, is shown as V1 and the JFET being tested is shown as U1. 
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Figure 2.8 Circuit and Values of Previous Test Bed Used 

 

2.2.3 Universal Gate Driver 

 A Gate driver had to be designed to switch these JFETs efficiently.  The gate 

driver that was designed has 3 inputs for connection to a power supply, a high voltage 

line, ground, and low voltage line.  The design uses two MOSFETs on the output 

working together to switch voltages for the gate.  The driver holds the output to the 

devices gate at the high voltage rail until a pulse trigger the circuit; when the driver is 

triggered, the gate output is pulsed to the low voltage rail for a short period of time.  The 

device isolates the input voltages and output voltage from the input trigger via an opto-

coupler.  This device was also designed in EagleCAD and milled on Texas Tech 

University‟s facilities in the Center for Pulsed Power and Power Electronics and later 

populated. 
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 Once built the driver was tested to determine the performance characteristics.  

The device was slower than expected due to isolation by a non-active opto-coupler.  

Although not ideal, the 1µs rise time associated with the output when a trigger pulse is 

detected was determined to be sufficient to switch the JFETs through testing.  
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CHAPTER 3 

EXPERIMENTAL DEVICES 

3.1 Silicon Carbide JFET 

 The SiC JFETs that were tested are similar to the devices that have been 

previously tested.  They are designed at Northrop Grumman and provided to Texas Tech 

University by the Army Research Lab.  The Army Research Lab has invested a 

significant effort to help develop new high power semiconductor devices that will 

outperform the previous generation of devices for military applications and some 

consumer use.  The devices are rated for a drain-source voltage of 1200V and conducting 

10A continuous. 

3.2 Differences in Devices 

 The two devices that were provided for testing were similar JFETs, but with some 

differences in the properties and the way they were made.  What differs between the 

devices is the area of the source pillar on the JFET devices.  As seen in Figure 2.1, one 

thing that can affect the current flow through the device is the area of the source pillar 

and the area between the gates.  With a larger source pillar, the device can be used to 

flow more current at a certain gate voltage but requires a larger negative voltage for 

blocking [12].  This larger source pillar was used in one of the two devices that were 

tested.  The initial device characteristics of the device with the smaller source pillar can 
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be seen in Figure 3.1 and the initial device characteristics of the device with the larger 

source pillar can be seen in Figure 3.2. 

 

Figure 3.1 KA15 16-13 Initial Device Characteristics (Smaller Source Pillar) 
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Figure 3.2 DH3 11-9 Initial Device Characteristics (Larger Source Pillar) 

 These Figures show that the device with the larger source pillar will allow more 

current and also have a less significant change as the gate-source voltage varies from 0V 

to 2.5V [12].  The device with the larger source pillar also requires a higher negative gate 

voltage to block the same drain-source voltage.  
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CHAPTER 4 

EXPERIMENTAL SETUP 

4.1 Test Bed 

 The test bed for the testing of the two JFETs was similar to the test bed used in 

the previous tests.  The test bed was redesigned to include an inductor for testing with 

increased voltage.  Calculations were made to replicate the results of the previous tests of 

JFET devices, but at 600V instead of 150V.  When switching at 600V rather than 150V, 

the voltages in the capacitors are quadrupled but the energy within the capacitors is 

sixteen times the original.  To make these tests as similar as possible with quadruple the 

voltage, the inductance was quadrupled, and the energy within the capacitors was 

quadrupled.  To quadruple the energy in the capacitors while quadrupling the voltage, the 

total capacitance had to be divided by four. 

 Simulations were conducted to help visualize that the outputs of the devices 

would be similar at the different voltages.  The values used in the simulations are values 

that were calculated [Figure 4.1] for ideal conditions.  The Resistor value is calculated so 

that the system is critically damped which does not allow for as high of a current as 

possible, but does prevent the possibility of reverse voltage.  Simulations of these values 

was conducted and reviewed to ensure the correct values.  As seen in Figure 4.2 and 

Figure 4.3, the differences of the curve of the current through the device in the simulation 

results are minute.  
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Figure 4.1 JFET Board Calculations 
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Figure 4.2 150V Simulation Current 

 

Figure 4.3 600V Simulation Current 
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The inductance of the board was previously tested to be 250nH and the inductor 

that would have been used was a 750nH air wound inductor.  After testing it was realized 

that the extra inductance was not needed and was only adding a slight delay in the current 

rise time.  When the inductor was taken completely off of the board, the results were a 

slightly faster current rise time.  Changing the total inductance from 1000nH to 250nH 

made the system more critically damped.  Using the same resistors, the maximum current 

is not affected, but the rise time to that current is slightly reduced.  The values used for 

the test bed are shown in Figure 4.4. 

 

Figure 4.4 Test Bed Circuit for 600V 

 The test bed layout was made within EagleCAD software and milled and 

populated at the TTU Pulsed Power and Power Electronics‟ facilities.  The layout [Figure 

4.5] was also made in the “wagon-wheel” configuration to minimize the parasitic 
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inductance of the board to offer a larger variability in the inductance of the circuit and 

milled with thick traces to minimize the parasitic resistance of the board. 

 

Figure 4.5 Layout of Test Bed 

 The test bed that was used can be seen in Error! Reference source not found..  

This features the “wagon-wheel” configuration to minimize inductance of the board and 

thick traces made as short as possible to minimize resistance of the board.  The device is 

inserted into the center of the board with the capacitors and the resistors surrounding it.  

The green wire that can be seen under the „D‟ located on the bottom side of the device 
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socket is a wire in place of the inductor that was initially planned to be on the board.  The 

other wires seen in the photograph are for charging the capacitors (red-black) and 

controlling gate voltage (blue-black in shrink wrap). 

 

Figure 4.6 Test Bed Used 
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CHAPTER 5 

EXPERIMENTAL RESULTS 

 The data from all high current pulse testing were captured using a Tektronix 

MSO5054 high speed oscilloscope through a set of three Tektronix P5200 high voltage 

differential probes.  The oscilloscope has a 500 MHz analog bandwidth and a sampling 

rate of 2.5 GSa/s and the differential probes are capable of measuring up to 1300V 

signals that are within 1000V above the earth ground. 

 The characteristic data was captured on an Agilent B1505A high power device 

analyzer. 

 All of the data was imported into Origin 8, a software suite, which makes it able 

to put all the data together, make any graphs with the data, and compare any two or more 

sets of data. 

 All of the switching was done by the gate driver made while previously testing 

SiC JFETs.  The gate driver was set to switch between a Vgs of -30V for the blocking 

state and +2.5V for the on state, this was done to push the forward current even higher 

than can be done at zero volts on the gate.  The devices were able to be pushed to 3.0V 

because of the on state of a SiC p-n junction.  If the devices gates‟ are pushed any higher 

than this, the device will start conducting current through the gate similar to a diode. 
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5.1 Test Procedure 

 The first thing that had to be done with the JFETs was to characterize them on the 

device analyzer.  After characterization of the two devices, one of the devices was 

installed onto the board to test the device and the board.  After testing, it was determine 

the circuit‟s inductance was too high with the initial 1000nH and was reduced to only the 

parasitic inductance of the board which is approximately 250nH. 

 The next set of tests included testing at different repetition rates at room 

temperature and at 150°C.  The 150°C tests were performed with two power resistors 

mounted on a metal plate and attached to a temperature probe and the device via thermal 

paste.  These tests were performed at 600V as to stress the device and push it into 

saturation.  The tests included 1000 shots each at 1Hz, 10Hz, 100Hz, and 1000Hz at 

room temperature and again at 150°C.  The rep-rate tests were performed on both 

devices.  After rep-rate testing, the device that was going into saturation at 600V was 

pushed harder and stress tested with one million shots at room temperature, then one 

million shots at 150°C.  This device was then pushed to 1200V while using the single 

shot tests.  The second of the two devices was then tested at 1200V with ten thousand 

shots at room temperature and ten thousand shots at 150°C.  When these tests concluded, 

the second of the two devices was stress tested with one million shots at 150°C.  When 

all the tests concluded, the first of the two devices had approximately two million shots 

and the second had just over one million shots. 
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5.2 Single Shots Results 

 Single shot testing was used to an initial evaluation the devices and test the circuit 

on the test bed.  One thing determined by the single shot results was that only one of the 

devices was going into saturation at 600V. 

 

Figure 5.1 KA15 16-13 JFET Initial Single Shot  

As you can see in Figure 5.1 and Figure 5.2, the KA15 device was going into saturation 

at 600V pulsing only 67A, while the DH3 JFET handled the current much easier pulsing 

up to 93A.  The KA15 JFET is pushed into saturation as can be seen mostly by the 

widening current pulse.  As the device reaches saturation, the current cannot continue to 

increase through the device and as a result the resistance of the device increases.  The 
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KA15 JFET is pushed into saturation as can be seen mostly by the widening current 

pulse. 

 

Figure 5.2 DH3 11-9 JFET Initial Single Shot  

As the device reaches saturation, the current cannot continue to increase through 

the device and as a result the resistance of the device increases.  Another thing that 

happens when the device goes into saturation, which can be seen in the graphs, is the 

energy dissipated in the device rises significantly while the peak power is very close to 

the same value. 

Both Devices were also tested with single shots up to 1200V.  The DH3 device 

starts to go into saturation at this point pulsing 129A, while the KA15 device is deep into 
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saturation while pulsing 95A.  The DH3 device is only starting to go into saturation at 

this voltage as seen in Figure 5.3.  Figure 5.4 shows the KA15 device deep into 

saturation. 

 

Figure 5.3 DH3 Device at 1200V  
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Figure 5.4 KA15 Device at 1200V  

 As discussed earlier, the energy of the device deep into saturation has a higher 

dissipated energy and similar value for the peak power.  The peak power differs in these 

results more because the device is at 1200V when it was saturating at half the voltage. 

5.3 Pulsed Rep-Rate Results 

 Rep-rate testing was performed to start stressing the devices in a different way.  

Testing was performed at rep-rate frequencies of 1Hz, 10Hz, 100Hz, and 1000Hz.  

Through all of the testing, the devices did not differ in performance from beginning to 

end.  After 16,000 pulses, the devices kept nearly the same characteristics as can be seen 

in Figure 5.5 and Figure 5.6. 
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Figure 5.5 Characterization of KA15 JFET 
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Figure 5.6 Characterization of DH3 JFET  

 Rep-rate testing was meant to stress the devices and determine if changing the 

rep-rate frequency changes the amount of energy dissipated in the device.  The energy 

dissipated in each device can be seen in Figure 5.7 and Figure 5.8. 
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Figure 5.7 Energy Dissipated at Room Temperature Due to Rep-Rate Frequency in KA15 

 

Figure 5.8 Energy Dissipated at Room Temperature Due to Rep-Rate Frequency in DH3 
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 The dissipated energy is approximately the same with each frequency changing 

only by one or two tenths of a mJ.  Testing up to 1000Hz was conducted but is not shown 

because the charging device was only able to charge the capacitors to approximately 

590V in the amount of time between pulses; this rep-rate gave data that was different 

only because of the test setup, not characteristics of the devices or material.  From this 

test it can be determined that the device is not being heated up enough by the pulses to 

change the characteristics of the JFETs. 

5.4 Effect of Temperature on Performance 

 One of the great things about SiC is the high temperature at which it can 

withstand compared to Si.  The devices received for testing were encased and only rated 

for 200°C, which is much higher than any Si devices and much less than the SiC itself 

can handle.  For testing purposes, the devices were only tested at 150°C, which again is 

much higher than any Si device. 

 As the temperature of the semiconductor increases, the device is stressed much 

more than in any previous tests as the on state resistance of the device increases with this 

jump in temperature. 

 The comparisons of the 1000Hz rep-rate testing showing 25°C and 150°C can be 

seen in Figure 5.9 and Figure 5.10.  The black traces are 25°C and grey traces are 150°C. 

The main difference at 150°C is that the on resistance is increased which reduced the 

peak current. 
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Figure 5.9 25°C/150°C KA15 
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Figure 5.10 25°C/150°C DH3 

 The energy dissipated in the devices at different rep-rates at high temperature are 

similar results as to what was seen in Figure 5.7 and Figure 5.8.  The devices at high 

temperature have a lower peak current, lower peak power, and higher energy dissipated.  

The lower peak power is cause by the lowered peak current.  The higher energy 

dissipated is because the device takes longer to discharge the capacitors, which also 

widens the current pulse.  The differences between the different rep-rates at 25°C and 

150°C can be seen in Figure 5.11 for the KA15 JFET and in Figure 5.12 for the DH3 

JFET.  Comparing the results for 25°C and 150°C shows that at both temperatures the 

device energy dissipation is not a function of the rep-rate. 
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Figure 5.11 Energy Dissipated in KA15 JFET  

 

Figure 5.12 Energy Dissipated in DH3 JFET  
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5.5 Long Term Testing Effects on Device 

 After all tests were complete, there were more than three million shots between 

the two JFET devices being tested, over two million of those shots were conducted at 

150°C.  This puts a large amount of stress on the devices when being tested up to this 

temperature rather than only room temperature. 

5.5.1 KA15 16-13 JFET 

 The KA15 device had over two million shots, over one million at temperature.  

After the first one million shots at room temperature, the device looked nearly the same 

when characterized on the device analyzer as seen in Figure 5.13. 

 

Figure 5.13 Initial to One Million Shots characterization KA15  
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 After the second million shots, these ones at 150°C, the device still barely 

changed in characteristics from the beginning of the second one million and from the 

initial characterization as seen in Figure 5.14 and Figure 5.15. 

 

Figure 5.14 Initial to One Million Shots @ 150°C Characterization KA15  
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Figure 5.15 Before and After of One Million Shots @ 150°C Characterization KA15  

5.5.2. DH3 11-9 JFET 

The DH3 device had over one million shots on the device; approximately 

1,018,000 shots were performed at 150°C and approximately 18,000 at room 

temperature. 

This device changed characteristically, but not much after testing.  Some 

interesting facts to note, is the device would degrade some, then reverse that effect after 

testing at temperature.  As seen in Figure 5.6 the degradation is significant enough to tell 

a difference, but after the 150°C rep-rate testing, the characterization [Figure 5.16] looks 

nearly the same as the initial. 
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Figure 5.16 Characterization of DH3 after 150°C Rep-Rate Testing  

 The next set of tests included one million shots at 150°C.  Even after stressing this 

device at 1200V and about 115A, the device still had not changed much as can be seen in 

the following graphs [Figure 5.17 and Figure 5.18].  This shows how robust SiC 

semiconductor devices can be and shows a promising future for the material. 



Texas Tech University, Brian Steiner, May 2012 

 

39 

 

Figure 5.17 Before and After One Million Shots at 150°C Characterization DH3  

 

Figure 5.18 Initial to One Million Shots at 150°C DH3  
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CHAPTER 6 

CONCLUSIONS 

 Silicon Carbide as compared to Silicon offers many advantages for high power 

electronics.  The research and testing has shown how well these power semiconductor 

devices perform under experimental testing, even at temperature that Si will not even 

operate.  The devices were tested at over ten times the rated current at the full rated 

voltage both at room temperature and 150°C. 

 Both JFETs performed extremely well for experimental devices.  The JFETs are 

rated for 1200V, 10A, and temperatures up to 200°C.  The devices were stressed by 

having over 3 million shots between them both and more than 2 million of those at 

temperature.  Testing these devices like this should stress them enough to have a 

cumulative effect on the performance due to device heating. 

The KA15 device performed well passing up to 68A at 600V and 94A at 1200V.  

The device‟s characteristics had not changed significantly after over two million shots, 

half at high temperature. 

The DH3 JFET was designed slightly different with a larger source pillar so that 

the device would be more “normally on,” this also means that more negative gate voltage 

is required to block the same amount of drain to source voltage in a similar device. This 

device also performed exceptionally well passing up to 112A at 600V and 129A at 

1200V.  The device‟s characteristic had no significant change after over one million shots 

with almost all of the shots at 150°C. 
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Throughout the entire test, no significant differences in device performances or 

characteristics could be found.  This shows how durable these Silicon Carbide JFETs are 

by how tolerant they are in high stress environments.  Along with how this proves how 

durable these Silicon Carbide JFETs are Silicon Carbide devices are also similarly as 

durable.  Silicon Carbide as a newer high power semiconductor material is looking to be 

a very good option with no negative consequences over Silicon.  The one downfall of 

Silicon Carbide, right now, is the cost of SiC compared to Silicon, which may be the only 

thing really holding the material back.  Silicon Carbide over Silicon offers a larger 

current carrying capacity, potentially larger drain to source voltages or smaller devices 

with the same drain to source voltages, and the extreme temperature at which this 

material can operate under and handle well. 
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CHAPTER 7 

FUTURE WORK 

 To use of this material in industrial, military, or consumer applications, more 

testing/research needs to be conducted.  Further testing of the devices would include 

continued stress testing and trying to reach device failure to find the lifetime of this 

material under high stress.  With different packaging, these devices can be tested at 

higher temperatures to find any large amount of degradation in the device to find what 

temperature this material will start losing performance. 

 Also, a new way to detect signs of early device failure is and has been researched.  

The technique, called deep level transient spectroscopy, conducts capacitance tests at the 

p-n junctions of devices to detect if and how much charge is being trapped in band 

structures [13] [14] [15].  This would be able to tell if these devices/this material are/is 

going into failure, will fail soon, or will continue working just as being tested for a long 

period of time after.  This will help determine how hard the devices are actually being 

tested and provide another technique to characterize devices and determine whether or 

not they should start to be tested with less stress or tested harder. 

  



Texas Tech University, Brian Steiner, May 2012 

 

43 

REFERENCES 

[1]  J. A. Carr, D. Hotz, J. C. Balda, H. A. Mantooth, A. Ong and A. Agarwal, 

"Assessing the Impact of SiC MOSFETs on Converter Interfaces for Distributed 

Energy Resources," IEEE Transactions on Power Electronics, vol. 24, no. 1, pp. 

260-270, 2009.  

[2]  J. Colt, C. Hettler and J. Dickens, "Design and Evaluation of a Compact Silicon 

Carbide Photoconductive Semiconductor Switch," IEEE Transactions on Power 

Electronics, vol. 58, no. 2, pp. 508-511, 2011.  

[3]  Q. (. Zhang, R. Callanan, S.-H. Ryu, A. K. Agarwal and J. W. Palmour, "SiC Power 

Devices for Microgrids," IEEE Transactions on Power Electronics, vol. 25, no. 12, 

pp. 2889-2896, 2010.  

[4]  C. E. Weitzel, J. W. Palmour, C. H. Carter Jr., K. Moore, K. J. Nordquist, S. Allen, 

C. Thero and M. Bhatnagar, "Silicon Carbide High-Power Devices," IEEE 

Transactions on Power Electronics, vol. 43, no. 10, pp. 1732-1741, 1996.  

[5]  E. G. Acheson, "Production of Artificial Crystalline Carbonaceous Materials". 

Patent 492767, Feb 1893. 

[6]  K. Sheng, "Maximum Junction Temperatures of SiC Power Devices," IEEE 

Transactions on Power Electronics, vol. 56, no. 2, pp. 337-342, 2003.  

[7]  B. J. Baliga, Silicon Carbide Power Devices, Singapore: World Scientific Publishing 

Co. Pte. Ltd., 2005.  

[8]  B. J. Baliga, Fundamentals of Power Semiconductor Devices, Raleigh: Springer 

Science, 2008.  

[9]  K. J. Lawson, "Pulsed Evaluation of Silicon Carbide Majority Carrier Devices," 

2011. 

[10]  G. C. Dacey and I. M. Ross, "The Field Effect Transistor," The Bell System 

Technical Journal, pp. 1149-1189, 1955.  



Texas Tech University, Brian Steiner, May 2012 

 

44 

[11]  "File:JFET n-channel en.svg - Wikipedia, the free encyclopedia," File:JFET_n-

channel.svg licensed with Cc-by-sa-3.0,2.5,2.0,1.0, GFDL, GFDL/es, [Online]. 

Available: http://en.wikipedia.org/wiki/File:JFET_n-channel_en.svg. [Accessed 20 

March 2012]. 

[12]  V. Veliadis, D. Urciuoli, H. Hearne, H. C. Ha, R. Howell and C. Scozzie, "600-V / 

2-A Symmetrical Bi-Directional Power Flow Using Vertical-Channel JFETs 

Connected in Common Source Configuration," Materials Sciende Forum, Vols. 645-

648, pp. 1147-1150, 2010.  

[13]  D. V. Lang, "Deep‐Level Transient Spectroscopy: A New Method to Characterize 

Traps in Semiconductors," Journal of Applied Physics, vol. 45, no. 7, pp. 3023-3032, 

1974.  

[14]  M. C. Chan, D. V. Lang, W. C. Dautremont-Smith, A. M. Sergent and J. P. 

Harbison, "Effects of Leakage Current on Deep Level Transient Spectroscopy," 

Applied Physics Letters, vol. 44, no. 8, pp. 790-792, 1984.  

[15]  B. C. Johnson, H. U. Rahman, E. Gauja, R. Ramer and J. C. McCallum, "Deep Level 

Transient Spectroscopy Study of Defects at Si/SiO2 and Si/Si3N4 Interfaces," 

International Conference on Nanoscience and Nanotechnology, pp. 333-336, 2010.  

 

 


