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Abstract

Synchronization for multiple-pulse at nanosecond range shows a great value on the power multiplication and synchronous electric fields
applications. Nanosecond or sub-ns jitter synchronization is essential for the improved working efficiency of the large amounts of pulse modules
and accurate requirements for the power coherent combining applications. This paper presents a trigger generator based on a laser diode-
triggered GaAs photoconductive semiconductor switch (PCSS) with low jitter and compact size characteristics. It avoids the high currents
that are harmful to high-gain mode PCSSs. In the trigger circuit, a 200 pF capacitor is charged by a microsecond-scale 18 kV pulse and then
discharged via the high-gain mode GaAs PCSS to trigger the high-power trigatron switch. When triggered by the ~10 ns pulse generated by the
PCSS, the DC-charged trigatron can operate in the 20e35 kV range with 10 ns rise time and 1 ns delay-time jitter.
© 2018 Science and Technology Information Center, China Academy of Engineering Physics. Publishing services by Elsevier B.V. This is an
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1. Introduction

Photoconductive semiconductor switch (PCSS) is high-
speed, low-jitter, and compact switches and are promising
for applications in the high-power and ultrafast electronics
technology fields [1e3]. For example, in the ultra-wideband
microwave radiation field, a PCSS array is needed to pro-
duce the high-power radiation, which requires all PCSSes in
that array to have high synchronism [4,5]. The GaAs PCSS
can operate in a high-gain mode, which means that a single
incident photon will ultimately induce the formation of
electronehole pairs. The optical energy of the trigger laser for
GaAs PCSS can therefore be reduced from the order of mJ to

the order of mJ and a compact pulsed laser diode (LD) can then
replace the more complex tabletop laser source [6,7]. The cost
of the PCSS and the trigger source size could thus be signif-
icantly reduced [8]. However, the high-gain PCSS conducts its
current through current filaments, and these current filaments
imply high current densities. A previous PCSS lifetime testing
study [9] demonstrated lifetimes of 108 pulses at 20 A/filament
(20 ns pulse width), 105 pulses at 40e80 A/filament, and 1
pulse at 1000 A/filament or more, while there were specific
output current amplitude and duration requirements for indi-
vidual applications [10].

Power modules require ns or sub-ns synchronization for
certain important applications, including X-ray radiography
and Z-pinch devices [11e13]. The conventional way to ach-
ieve synchronization with jitter of 1 ns or less is to use direct
laser triggering with mJ-level laser energy to trigger a high-
power spark gap switch [14]. The trigatron switch, which is
a type of power switch, has relatively modest trigger pulse

* Corresponding author.

E-mail address: wanglangning@126.com (L. Wang).

Peer review under responsibility of Science and Technology Information

Center, China Academy of Engineering Physics.

Available online at www.sciencedirect.com

ScienceDirect

Matter and Radiation at Extremes 3 (2018) 256e260

MATTER AND RADIATION
AT EXTREMES

www.journals.elsevier.com/matter-and-radiation-at-extremes

https://doi.org/10.1016/j.mre.2017.12.006

2468-080X/© 2018 Science and Technology Information Center, China Academy of Engineering Physics. Publishing services by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



magnitude requirements (typically 10e30 kV), and is nearly
independent of the switched voltage [15,16]. These switches
are used in many systems, however, without additional
development effort, trigatrons would have difficulty in
meeting the reliability and jitter requirements for some of
these applications [15,17].

Because their current filaments are influential in high cur-
rent applications and the low-jitter and compact size charac-
teristics of the high-gain mode GaAs PCSS are highly
attractive, PCSSs are promising for trigger switch applications
[18]. The researchers mainly showed the detailed triggering
results for a PCSS-triggered HCEI switch, the types of field
distortion midplane switches produced by the High Current
Electronics Institute [18]. In this paper, we will present a DC-
charged trigatron that is triggered by a GaAs PCSS with LD
triggering. It allows us to take the advantage of the charac-
teristics of PCSS, including low jitter, fast rise time, compact
size, and reduced current requirements. In the trigger circuit,
the current that passes through the PCSS can be limited to
protect the PCSS itself. Test results show that jitter of 1 ns or
less can be obtained with output voltages up to 30 kV.

2. Experimental setup

The PCSS has a 5 mm switching gap, and is fabricated on a
600-mm-thick substrate with dimensions of 14 mm � 6 mm.
The photoconductive material of the PCSS is semi-insulating
GaAs, and the resistivity in darkness is more than
5 � 107 U$cm. The PCSSs are manufactured by General
Research Institute for Nonferrous Metals (Beijing, China).
Two Au/Ge/Ni (200 nm/100 nm/100 nm) metallization elec-
trodes have been deposited on the same surface of the GaAs
PCSS through electron beam evaporation, and ohmic contacts
were formed by rapid annealing-type heat treatment. The

PCSS is illuminated by a 905 nm wavelength light from an LD
trigger with a laser energy of hundreds of mJ and full width at
half maximum (FWHM) output pulse length of 20 ns.

The trigatron switch used has an outer diameter of 100 mm
and length of 114 mm, and is constructed as shown in Fig. 1.
The switch is filled with N2 gas at a set pressure and the gap
between the two electrodes is 3 mm. The setup for the DC
trigatron triggering tests based on the PCSS is shown sche-
matically in Fig. 1, and Table 1 lists the circuit parameters.

In this circuit, C1 is initially DC charged to a specific value
up to tens of kilovolts. C0 is pulse-charged and the pulse rise
time is several microseconds. The PCSS is optically triggered
near the peak of the voltage pulse on C0, and sends a pulse to
the trigger electrode of the trigatron switch. Resistor R1 is used
to limit the current through the PCSS. Because the trigger
pulse initiates a discharge streamer in the gas, which the main
gap subsequently closes, C1 is then discharged through the
load resistance and the current-view-resistance (CVR) in se-
ries. The trigger pulse voltage is measured using a resistive
voltage divider. The current through the trigatron is then
measured using the CVR.

3. Experimental results

In the tests, a Stanford DG535 timing pulse delay generator
is used to generate three independent command signals. The
first signal enters the pulse charger system to control the
conduction of the thyristor, allowing the pulse charger to
output a pulse to C0 with ms-scale rise time due to the effects
of the transformer. The second signal is used to trigger the LD
driver to produce the laser pulse that triggers the PCSS. Using
a fixed delay between the two signals, the PCSS is then
optically triggered near the peak of the voltage pulse on C0.
The third signal is directly input into a 600 MHz bandwidth

Fig. 1. Schematic of triggering setup for DC trigatron tests based on PCSS.
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oscilloscope as a standard reference signal. The typical
waveforms, including the monitored signals, are shown in
Fig. 2.

In Fig. 2, the current waveforms show overdamping of the
discharge form. The triggering pulse is characterized by a fast
rise time of ~10 ns. To measure the total system capability for
future multi-pulse synchronization applications, repeated tests
must be performed and the jitter characteristics must be
determined. Using the Stanford DG535 timing pulse delay
generator, the time between the standard reference signal and
the triggering signal for the LD driver is fixed. We define the
delay time as the interval between the trigger pulse and the
standard reference signal produced by the signal source.

In fact, for future multi-pulse synchronization applications,
in which each PCSS will be triggered independently using a
pulsed LD, linking the delay time directly to the standard
reference signal produced by the signal source seems to be the
most reliable process. In addition, to measure the system
synchronization accurately, it is equally important that the
current rise time statistics are also determined. In this case, the
time jitter can be given by

Tj ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn
i¼1

ðTi � TmeanÞ2

n

vuut
ð1Þ

where Ti is the delay time (or the rise time), n is the number of
identical experiments, and Tmean is the average value of Ti.
Under various gas pressures (0.2, 0.3 and 0.4 MPa) and with
various percentage values of the self-breakdown voltage (Vbs)
across the trigatron (approximately 94%, 80%, and 64%), nine
group tests are performed to calculate the jitter parameters of
the system. With the exception of the case where the tests were
only repeated five times under the conditions of 0.3 MPa and
62% of Vbs, each group of the other eight group tests was
repeated 20 times. The test results are shown in Fig. 3 and are
summarized in Table 2.

Fig. 3 shows the triggering results under different gas
pressures and each subfigure shows the results under different
applied voltages. From the figures, we can conclude that the
effect of increasing the voltage on the trigatron can reduce
both the delay time and the delay-time jitter. When the voltage
on the trigatron is set at 94% of Vbs, the delay-time jitter is
2.22 ns at 0.2 MPa, 1.07 ns at 0.3 MPa and 0.976 at 0.4 MPa.
The rise time of the test is approximately 21 ns and the sta-
tistical results for the rise-time jitter are in the sub-ns range. To
show these results in detail, Table 2 gives some of the trig-
gering results. The trigger jitter is defined as the jitter of the
delay between the trigger pulses relative to the standard signal.
The rise time and delay time in Table 2 are the mean value in
the group tests. Delay range is defined as the time range from
the minimum to the maximum delay time in one group tests.
The low percentages of Vbs that are imposed on the trigatron
not only increase the delay time but also enhance the delay-
time jitter.

Note that the peak voltages of any trigger pulses (trigger
voltage in Table 2) delivered to the switch are less than the

Table 1

Circuit component parameters.

Symbol C0 C1 R1 CVR Load

Value 223 pF 2 nF 100 U 1 U 120 U

Fig. 2. Typical waveforms of the tests, where the inset shows a partially enlarged view; the charging voltage of C1 is approximately 13.3 kVand the pressure in the

trigatron is around 0.2 MPa.
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charging voltage of C0 (18 kV). This is because approximately
a voltage of 2e6 kV is dropped across the PCSS and the
current limit resistor R1. This current has therefore been
limited to values no larger than 60 A, calculated by dividing

dropped voltage by the resistance of R1. After testing, there is
no indication of damage to the PCSS. The test results show an
agreement to a previous PCSS lifetime testing study [9] that
demonstrated lifetimes of 108 pulses at 20 A/filament (20 ns
pulse width), 105 pulses at 40e80 A/filament, and 1 pulse at
1000 A/filament or more.

To reduce the rise time, the circuit is optimized to be more
compact and thus reduces the inductance. Fig. 4 shows 40
consecutive current pulse waveforms with ~10 ns rise times
overlaid after optimization. In this case, the delay-time jitter
can be calculated to be 1.5 ns by using the same method as
Equation (1).

The PCSS-based trigger generator shows numerous char-
acteristic advantages, including low jitter, fast rise time,
compact size, controllability and optical insulation to high
voltages, compared with other switches that have been used
in the trigger generator to deliver synchronous high voltage
pulses. Spark gaps are widely used to control the synchro-
nization of multiple output pulses, and the jitter of a single
spark gap can be controlled to 1.5 ns with considerable effort
[19]. However, the voltage pulse trigger systems are required
to be both large and complex, especially when multiple
triggering and repetitive operation is required [20,21]. Mag-
netic switches are also available. While the jitter of multiple
pulses generated using magnetic switches can be controlled to
the nanosecond level and magnetic switches can work in re-
petitive operation mode, the typical trigger pulse rise time is
several tens of nanoseconds and is difficult to reduce [21,22].
As a result, it is difficult to trigger power gap switches with a
jitter of 1 ns or less because of statistical characteristics of gas
breakdown.

If GaAs PCSSes need to be applied with a large on-state
current and longer life time, we should design our PCSS
more carefully. We can use the opposed contacts [23], fabri-
cating the AlGaAs/GaAs quantum well structure and adjusting
laser parameter (such as spot location and shape on the PCSS)
[24,25] and the bulk GaAs PCSS structure [26] to promote the
performance of the high-gain GaAs PCSS. In the future, we
will also focus on improving the current capability and in-
crease the lifetime of PCSS with the basis of previous work.

4. Conclusion

Accurate timing conduction of a DC trigatron has been
achieved using GaAs PCSS-based triggering. The PCSS
trigger source is a high-power pulsed LD, which means that
the entire trigger generator assembly can be both compact and
practical. When a voltage higher than 90% of the self-
breakdown voltage (Vbs) was imposed on the trigatron, high-
voltage pulses of 20e35 kV with a rise time of 10 ns and
delay-time jitter of 1 ns were produced. The results show that a
higher ratio of the bias voltage to Vbs across the trigatron helps
to reduce the delay time, and also helps to improve the syn-
chronization. PCSSes therefore have a bright future in ns or
sub-ns synchronization applications.

Fig. 3. Statistical results for the delay time and rise time under different switch

pressures: (a) 0.2 MPa, (b) 0.3 MPa and (c) 0.4 MPa.
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Fig. 4. 40 consecutive current and trigger-pulse voltage waveforms, when C1 is

charged to 24 kV (i.e., 90% of Vbs at 0.28 MPa).

Table 2

Statistics of selected experimental results.

Gas (N2)

pressure (MPa)

Number

of shots

C1 voltage

(kV)

% of Vbs C0 voltage

(kV)

Trigger voltage

(kV)

Trigger jitter

(ns)

Rise time

(ns)

Delay time

(ns)

Delay range

(ns)

0.2 20 18.6 94 18 12.5 0.199 23.2 79.6 8.72

0.2 20 15.6 79 18 12.2 0.229 21.8 99.5 15.5

0.2 20 13.3 67 18 12.1 0.282 21.5 334 430

0.3 20 26 94 18 13.6 0.325 21.7 75 3.83

0.3 20 22 80 18 13.5 0.758 22.5 86.8 9.52

0.3 5 17.2 62 18 13.4 0.575 23.7 397 259

0.4 20 33.6 94 18 15.9 0.234 21.2 73.5 3.44

0.4 20 27.7 78 18 15.7 0.224 20.8 89.4 13.9

0.4 20 22.5 63 18 16.1 0.193 21.2 220 369
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