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Abstract

Long-term stability of an RF system is one of the most important issues for a low-emittance and short-pulse linear
accelerators using the bunch compression method, like the XFEL, SACLA. A line-type klystron-modulator has a thyratron
as a high-voltage switch device, which often has troubles, such as the conduction timing and loss, lowering the stability.
In order to solve the troubles, we are developing a semiconductor-based switching module to convert the thyratron that
is capable of blocking a 50 kV voltage, and handling a 5 kA current with a 5 us pulse width. Advanced Industrial Science
and Technology (AIST) and Tsukuba Power-Electronics Constellations (TPEC) are recently developing various silicon-
carbide (SiC) based IGBTs. One of the IGBTs, which is based on technology accomplished by the FIRST project, has
suitable features, as parts for the replacement, such as a high blocking voltage, a short switching time, a high handling
pulsed-current and a low on-state resistance. In order to estimate the features in pulse operation, we measured IGBT
characteristics. The results of its characteristics measurement show the above mentioned values are a high blocking
voltage of 10kV, a short switching time of 100-300ns, a pulse handling current of 200A, and a low on-state resistance of
0.67 Q, respectively. These results indicate that the SIC-IGBT device has sufficient performance, as the parts to convert
the thyratron to the semiconductor-based switch comprising the devises of 25 connected in parallel and 5 stacked in series.
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Table 2: Principle Specification of IE-IGBT[9]

Blocking Voltage (kV) 13.5kV
Switching Time 78 ns
(Turn ON: 90%-10%) (at 100 °C)
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Figure 1: Circuit diagram of a high voltage pulse test for
the SiC-IGBT.

Table 3: Circuit Parameters for the Pulse Tests for the
SiC-IGBT

Large current

Setup mode Switching test test
Charging Voltage 0-10 kV 0-10 kV
Output Current 0-200 A 0-500 A

Resistor Load 25Q 10Q

PFN Capacitance(Cp)

/Inductance (Lp) 22.3 nF/14 uH

22.3 nF/2.2 uH

Series number of PFN
stage

5 12

Pulse width 5.6us 5.4us
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Figure 2: Waveforms of the collector-emitter voltages
(upper) and the emitter current (below) of SiC-IGBT.
The circuit parameters were the set of the switching test
mode, such as shown in Table 3.
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Figure 3: Current dependence of the fall times of the
collector-emitter voltage and the rise times of the emitter
current pulses.

HLTERVEEEOIZE 2, L0 EENIZFHMICX 5,

INHDORERNSG, KBTOAAL v F 2 7RI
100-300ns & RS B, ZauE A 7 b o AU
A v FICEREND 500ns AT L, EAE
FIEHDR AL v TF U THEEHATND Z L3y
Mol

- 627 -



Proceedings of the 12th Annual Meeting of Particle Accelerator Society of Japan
August 5-7, 2015, Tsuruga, Japan

PASJ2015 WEP064

Load Resistance; 5 ohm
Gate Resistance; 310 ohm
Gate On Voltage; +20V
PFN Series; 12 series
PFN capacitance; 22.3 nF
PFN inductance; 1.1 uH

Residual Voltage

— T |

2z 5 Vpfn:

\GJ/ —_\ — 1kV
[~ N — 2kv
©

= ) — 3KV
> 3k — 4kV
g \ — 5KV
£ 2

u \

S L

8 1 ‘\L—

Q0

Ie) ok

o | | | |

300 T T
250
200

150

100

Emitter Current (A)

50

Time (micro sec.)

Figure 4: Waveforms of the collector-emitter voltages
(upper) and the emitter currents (below). The circuit
parameters were the set of the large current test mode,
such as shown in Table 3. The residual voltage is shown
in the voltage waveform at a 5kV PFN charging voltage

(black line).
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Figure 5: Current-Voltage characteristic in the on-state
of the IGBT. The values of the voltages and currents are
averaged on the on-states. The dashed line is a linearly
fitted curve in the unsaturated region that is indicated in
the figure. The on-resistance estimated from the gradient

of the fitted line is 0.67Q.
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