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ABSTRACT The development of Gallium arsenide photoconductive semiconductor switch has been ham-
pered by the surface flashover. The surface flashover threshold with the laser excitation is far lower
than the one without the laser excitation. In this paper, the phenomena of surface flashover, including
the infrared video, flashover spectrum, and the voltage waveforms are presented to research their work
mechanism. The dynamic development process of surface flashover is divided into four typical states.
Based on the 1-D time domain finite element method, the role of the photo-generated carrier in the
surface flashover is analyzed. Our results suggest that the photo-activated charge domain (PACD) will
enhance the local electric field and result in the surface flashover occurrence between the electrodes
and semiconductors. So the atoms of GaAs semiconductors and electrodes are involved in the surface
flashover. According to the PACD theory, the experimental phenomena can be explained reasonably.

INDEX TERMS Photoconducting devices, surface discharges, Gallium arsenide, electric breakdown.

I. INTRODUCTION
The Gallium arsenide photoconductive semiconductor switch
(GaAs PCSS) is being widely used in the field of the
sub-nanosecond rise time and high-voltage pulse generator
system [1]–[4]. The GaAs PCSS have many advantages over
others conventional switches, such as jitter-free, high repe-
tition rate, high dark resistance, low parasitical capacitance
and inductance, and so on [5], [6]. At present, it is possi-
ble to use the nonlinear mode of GaAs PCSS for meeting
the need of miniaturization and integration [7], [8]. But the
surface flashover will create destructive surface breakdown
and reduce the device lifetime, which restricts the maxi-
mum stand-off voltage and hampers the development of the
GaAs PCSS in the nonlinear mode severely [9]. The intrin-
sic breakdown field of GaAs reaches up to 250kV/cm [10],
while the surface flashover may occur in a low electric
field (20kV/cm). The electric field of surface flashover is
an order of magnitude lower than the intrinsic breakdown
field. Many surface flashover theories of insulators have
been put forward to explain it, such as secondary electron

emission [11], surface polarization relaxation [12], electron-
stimulated desorption [13], and so on. However, the previous
models about insulators can not account well for the surface
flashover in semiconductors. The surface flashover mecha-
nisms of semiconductors are fundamentally different from
that of insulators. The electrons movement in the insula-
tors may be ignored, whereas the carriers’ movement inside
the semiconductor plays an important role in the surface
flashover. The thermal effect of the intrinsic carrier has been
researched in the high voltage [14], [15]. However, when the
GaAs PCSS is illuminated by laser, a large number of carriers
will be generated in the GaAs PCSS. These photo-generated
carriers not only result in the joule heat, but also change
the electric-field distribution. The surface flashover of GaAs
PCSS is a complicated process which is related to multiple
elements, so the whole physical process of surface flashover
is still need to be researched. In this paper, the surface
flashover of GaAs PCSS is investigated on the basis of the
high-speed infrared thermal imager, fiber optical spectrome-
ter and digital storage oscilloscope. Meanwhile, the infrared
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FIGURE 1. The schematic diagram of a GaAs PCSS with the an opposed
structure.

video, flashover spectrum and the voltage waveforms are
recorded to analyze flashover comprehensively.

II. EXPERIMENTAL SETUP
In our experiments, the GaAs PCSS with an opposed struc-
ture is used, as is shown in Figure 1. The semi-insulation
GaAs is the core component. Its resistivity is larger than
5 × 107 � · cm, and the electron mobility is greater than
5000cm2/(V·s). The electrodes with ohmic contacts are made
of Au/Ge/Ni alloy. The distance between the two electrodes
is 0.7mm. The 900nm Si3N4, which is coated on the surface
of the GaAs PCSS, is used for the insulation protection.
Finally, the whole switch is placed in air at room tempera-
ture. The laser with a wavelength of 1053nm, a pulse width
of 1ns and an optical energy of 2.2mJ is used for triggering.
When the switch is illuminated, the output pulse is attenuated
by an attenuator (60dB), and then measured by a digital stor-
age oscilloscope with the bandwidth of 1GHz. Meanwhile,
infrared thermal imager (FLIR A325sc) and fiber optic spec-
trometer (Ocean Optics HR4000, 200∼1100nm) are used for
the observation of the surface flashover.

III. RESULTS AND DISCUSSION
When the bias voltage is 1400V (the electric field is only
20kV/cm), there is no abnormal radiation on the surface
of switch. After the switch was illuminated by laser, the
flashover occurs on the surface of switch. We can see bright
light and hear clear sounds. Obviously, the electric field
threshold of surface flashover is lowered under the laser
excitation. But in others experiments, the bias electric field
can be reached 30kV/cm without the illumination [7]. So
the surface flashover threshold is lower about 10kV/cm at
least. In others words, the surface flashover threshold with
the laser excitation is far lower than the one without the
laser excitation in the GaAs PCSS, which must be closely
related to the movement of photo-generated carriers.
In our experiments, the surface flashover was recorded

simultaneously by the high-speed infrared thermal imager,
fiber optical spectrometer and digital storage oscilloscope.
As shown in Figure 2, these before-and-after figures of

FIGURE 2. The four typical states in the flashover process.

the flashover occurrence present four typical states. In
figure 2(a), the switch has not been yet triggered. The tem-
perature distribution is uniform on the surface of switch. The
figure 2(b) shows the initial state of the flashover occur-
rence. The flashover begins in the anode, and then quickly
goes to cathode. Subsequently, two local flashovers occur
in the anode and cathode respectively, which are shown in
Figure 2(c). In the fourth state, a micro flashover links to
the two local flashovers together and runs through the whole
switch, as seen in Figure 2(d). In our experiments, the fourth
state occurs twice in all. Figure 2(d) is used to describe one
of the run-through flashovers, which will result in a sharp
rise of the output pulse. As shown in Figure 3, there are
two sharp rises in the output pulse. There is a one-to-one
correspondence between the fourth state and the sharp rise.
As mentioned previously, in our experiments we can find
that the surface flashover of GaAs PCSS firstly occurs in
the anode and there are two typical flashovers: the local
flashover and the run-through flashover.
The flashover spectrum is shown in the Figure 4. The

horizontal ordinate represents the wavelength, and the ver-
tical coordinate represents relative intensity. The main peak
of flashover spectrum is 545.4nm. From the spectrums, we
can see that the flashover is a very complicated process, and
many atoms are involved in this process. Compared with
the spectrum of air ionization [16], it appears four different
wavelengths: 545.4nm (As), 593.5nm (Ga), 618.3nm (Ni),
890nm. The atoms of GaAs semiconductors and elec-
trodes are involved in the surface flashover. 890nm is the
spectrum of direct radiation recombination in the GaAs
PCSS. Although the GaAs band gap is 1.42eV (876nm),
the band gap will become narrow in the high electric field
due to F-K effect [17]. So the spectrum of direct radia-
tion recombination has the trend of shift to long wavelength
direction. After our calculation, the wavelength variation
is 13.9nm [18]. In other words, the wavelength of direct
recombination radiation will be changed from 876nm to
889.9nm, which is identical with the observed results from
experiments.
In the optically-activated semiconductors devices, the

movements of the photo-generated carriers cannot be
ignored. As well known, the GaAs has a characteristic of
negative differential conductance (NDC) with the bias elec-
tric field increasing. Under certain conditions of optical and
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FIGURE 3. The output waveform of the surface flashover.

FIGURE 4. The spectrum of the surface flashover.

electrical thresholds, the photo-activated charge domain will
be formed in the GaAs PCSS, which make the local electric
field strengthen. One-dimensional model is established on
the basis of the semiconductors device equations and NDC
equation that are computed by a time domain finite element
method [19], [20]. In the model, the length is 0.3mm, the
bias electric field is 20kV/cm, and the photo-generated car-
riers are orderly activated between 0.1-0.2mm. We compute
from 0ns to 10ns with the step of 0.01ns.
As seen in the Figure 5, the distribution of carrier density

and the electric field are shown at 2.47ns. After trigger-
ing, a mass of electrons and holes are generated in the
illumination region. The photo-electrons are driven to the
anode. Because of the NDC effect, the PACD with high
carrier density are formed in the anode nearby. The domain
width is about 2µm, which gets the same conclusions as the
previous reports [21]–[23]. Whereas many photo-generated
carriers will be stuck in the illumination region due to the
electric field shielding of the PACD [24]. Based on above
discussions, our simulation is in agreement with the actual
situation.
It is the critical factor that a strong enough electric field

in the surface flashover. In our simulation, we found that the

FIGURE 5. The distribution of the electric field and carrier density at
2.47ns in our simulation.

PACD can strengthen the local electric field. From Figure 5,
we can see that the electric field reaches up to 66.5kV/cm in
the anode, which is much higher than the bias electric field
(20kV/cm). Thus, the surface flashovers happen between
the anode and semiconductor firstly, while the electric field
also reaches up to 53kV/cm in the cathode. Because of the
development of the anode flashover, the flashover will also
occur in the cathode. Finally, two local flashovers occur
in the anode and cathode respectively. Meanwhile the elec-
trodes materials and semiconductor are involved in the local
flashover. The strengthened local electric field is the main
reason for electrodes degradation. In the middle of switch,
there is a neutral plasma region consisted of electrons and
holes. When the two local flashovers occur on the switch
surface, the PACD will be quenched inside the semicon-
ductor switch [9]. Furthermore, the electric field will be
decreased nearby the electrodes and strengthened in the mid-
dle of switch. So the run-through flashover will occur in the
middle of the two local flashovers. In total, the formation
and disappearance of PACD have an important influence in
the surface flashover in the GaAs PCSS.

IV. CONCLUSION
This paper presents the dynamic development process, spec-
trum and the output waveforms of surface flashover in the
GaAs PCSS. Under consideration of the photo-generated car-
rier’s movement, the observed phenomena are fully explained
on the basis of the 1D time domain finite element method.
It is demonstrated that the movement of the photo-generated
carrier plays an important role in the surface flashover of
the GaAs PCSS. Our results reveal the different flashover
mechanism between the semiconductors and the insulators,
and contribute to improve the GaAs PCSS system.
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