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DTI focused on five primary objectives in developing 

the modulator. The first three focused on demonstrating 
the technical feasibility of the project: to assess any 
control system instabilities, to ensure the concept design 
would meet real gyrotron requirements, and to build and 
test a low voltage demonstration unit. The latter two tasks 
focused on the construction of a full-scale prototype. A 
high voltage electrical design for the full-scale system has 
been completed, as well as the ground work for the 
mechanical design, and the auxiliary systems have been 
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defined, including the custom transformer-rectifier 
needed to power the Buck Matrix. 
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To verify if standard silicon IGBTs or SiC JFETs could 

be run at the planned power levels and frequency, two 
DTI 10 kV switchplates (Figure 5) were manufactured: 
one with the SiC JFETs, and one with the silicon IGBTs. 
A test setup was constructed to verify full voltage and full 
current switching and conduction losses of these different 
switch plates (Figure 6). The result of this testing allows 
us to predict with confidence what the expected junction 
temperature of the transistor will be in the real buck 
matrix system. 

�����������
�
���� 
Silicon Carbide (SiC) transistors have recently become 

commercially available at reasonable prices.  SiC boasts 
extremely fast commutation, essentially eliminating 
switching losses in power converters.  85 milliohm and 45 
milliohm SiC JFETs [normally-on devices which need to 
be operated in a cascode circuit and controlled with a low 
voltage (40 V), extremely low on-resistance and low 
switching-loss MOSFET] were evaluated. 

Two of the tests related to the device physics performed 
were to examine the JFETs!
 ������$
 ��
 ���erse-conduct 
(similarly to the internal body diode of many IGBTs), and 
to determine if the intrinsic over-voltage avalanche 
characteristics would simplify operation of these devices 
in series for high voltage applications. 

�
�
��
��������� 
The JFETs do reverse-conduct, but testing revealed that 

the devices will break if operated with significant current 
in the reverse directionIsimilar current levels as the 
forward conduction current is enough to damage the 

devices.  If reverse conduction is required, blocking and 
antiparallel diodes should be added 

�������
 
To test the avalanche characteristics, the JFETs were 

pulsed into an inductive load at very low pulsewidths 
(less than 1 microsecond) and low rep rate. When the 
JFET was turned off, the inductive voltage spike, which 
was a function of the input voltage and pulsewidth, would 
rise to above the device rating, and avalanche into the 
device. This worked as expected with very low avalanche 
energies, but damaged the device at higher avalanche 
energies.  

�����
����  
The huge reduction in ripple afforded by series/parallel 

multi-phasing allows the filters to become quite small, 
and it is precisely this reduction in stored energy in the 
filter 4 to below the threshold for arc damage 4 which 
enables the elimination of the second switch.  

The results of this effort will eliminate half of this 
hardware, yielding approximately 30% savings, as well as 
improved system reliability and efficiency. The resulting 
design will be easily transferable to other voltage and 
current regimes, and is suitable for any CW or long pulse 
application 4 including future RF accelerators, light 
sources, and synchrotrons, and may also be applicable to 
other DOE programs, including the International Linear 
Collider (ILC). Other fusion power systems (e.g. ICRF, 
LHCD, neutral beam heating) may also make use of this 
technology with similar performance and cost advantages. 
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