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ABSTRACT GaAs photoconductive semiconductor switches (PCSSs) with comb electrodes were fabricated
on semi-insulating GaAs. A pulsed 1064-nm laser with a 700-ps (FWHM) pulse width and optical energy of
134 µJ was used to trigger 2-mm-gap PCSSs with comb lengths ranging from 0 to 750 µm. The effect of the
comb electrodes on the output characteristics was investigated by comparing the performance parameters
of sample devices with different comb lengths. Devices with a longer comb exhibited higher peak output
voltage and better immunity against surface flashover. A PCSS specimen with a 750-µm comb exhibited a
higher peak output voltage by 3.53 times compared to a PCSS without a comb at bias voltages lower than
1 kV. Moreover, the PCSS with the 750-µm comb electrode successfully generated a pulse with a peak
voltage of 1.34 kV, while the peak voltage generated by a PCSS without a comb was limited to 0.74 kV.

INDEX TERMS Gallium arsenide (GaAs), photoconductive semiconductor switch (PCSS).

I. INTRODUCTION
Photoconductive semiconductor switches (PCSSs) have
been investigated for pulsed power systems since the
early 1970s [1]. High-voltage pulse generators, such as
Marx generators and high-frequency antennas and pulsed
microwave sources can utilize photoconductive semiconduc-
tor switches [2], [3]. The GaAs PCSS has garnered significant
scientific and technical interest due to its numerous inherent
advantages, including its ultrafast response, low jitter [4]
and superior repetition capabilities compared to conventional
switches such as the insulated gate bipolar transistor (IGBT)
[5] and thyristor and spark gap switches [6].

The performance of the PCSS has been evaluated in terms
of several parameters, such as the rise time, pulse width, rep-
etition frequency, flashover voltage, and on-state resistance.
The semiconductor switches for high-power pulse applica-
tions such as ultra-wideband microwave sources, ultrasound
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sources, laser drivers, narrow pulse width and high repetition
rate are crucial to achieve high resolution and high speed
pulsed power system performance [7], [8]. The flashover
voltage is related to the operating voltage and lifetime of
a PCSS [9]. The on-state resistance plays a crucial role in
determining voltage drop and output efficiency.

The on-state resistance of a PCSS is influenced by the
optical trigger energy [10], [11], [12], bias voltage, on-state
current [13], trigger position [14], and the perimeter/gap ratio
of the electrodes [15].

The performance capabilities of PCSS devices were
compared with various electrode structures, including con-
ventional, annular, and interdigitated types, and distinctive
characteristics were observed for the devices operated at low
voltages (10 V) [16]. Under 3.4 eV illumination from a Xe
arc lamp, the on-state current of the devices increased linearly
with the electrode width-to-gap ratio. Devices with interdigi-
tated electrode structures and with an electrode width-to-gap
ratio of 200 demonstrated 2.5-times higher on-state cur-
rent than those with conventional and annular electrode
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FIGURE 1. (a) Lateral GaAs PCSS with a 2-mm gap and comb electrodes.
(b) Top view and (c) side view of the device with geometric dimensions in
millimeters. (d) Experimental setup to measure the output performance
of the PCSS. (ATT: attenuator, OSC: oscilloscope).

structures [16]. However, the interdigitated structure inher-
ently features small gaps, which limit its operation to low
voltages [17]. Research on the effect of the electrode width
on the on-resistance and flashover voltage in PCSS devices
with millimeter-scale gaps has not yet been conducted.

In this work, lateral GaAs PCSS devices employ-
ing comb-patterned electrodes were fabricated on semi-
insulating GaAs substrates. The comb-patterned electrodes
are placed with a 2-mm gap, and the comb lengths range
from 0 to 750 µm. By comparing the performance of
the devices with various comb-length, the effect of the
comb-patterned electrode on the on-state resistance and the
operating voltages are investigated. By introducing comb-
pattern in the electrodes of PCSS devices, the on-resistance
was reduced, and the operating voltage can be increased by
suppressing the flashover at the surface of the devices.

II. DEVICE FABRICATION AND EXPERIMENTAL SETUP
The PCSS tested here was fabricated on a semi-insulating
(SI) GaAs substrate for which the resistivity exceeded
107 � · cm and the electron mobility was greater
than 5000 cm2 V−1s−1. Electrode metallization with
Ge/Au/Ni/Au (37/100/15/200 nm)was accomplished by elec-
tron beam evaporation, with the specimen then sintered at
310 ◦C for 1 minute.
The fabricated device and its dimension are shown in

Figs. 1(a) and (b), respectively. The gap between the elec-
trodes is fixed to be 2 mm, regardless of the comb length in
the electrodes. The comb at the edge of the electrodes has a
spacing of 20 µm and a width of 20 µmwith variable lengths
of 0, 20, 100, 250, 500, and 750 µm.

The PCSS device is mounted on a printed circuit board
(PCB) with a 4-mm-wide aperture, as shown in Fig. 1(c). For
the optical triggering of the GaAs PCSS, a 1064-nm pulsed
laser with a FWHM (full width at half maximum) of 700 ps
and a repetition rate of 10 Hz is used. The energy of the
Gaussian laser beam with a beam diameter of 2.3 mm is

FIGURE 2. (a) Waveforms of GaAs PCSS devices with comb lengths
ranging from 0 to 750 µm. (b) Minimum resistance versus the bias
voltage.

135 µJ, which is monitored by an energy meter (Coherent
EnergyMax J-10MB-LE).

The GaAs PCSS is tested using the circuit shown in
Fig. 1(d). A high-voltage supply charges a 1 nF ceramic
capacitor through a 1 M� resistor. In this case, 10 M� and
100 k� resistors serve as voltage dividers to monitor the bias
voltage. The output voltage is attenuated by a 50-� termi-
nated 40 dB attenuator (ATT) and recorded by an oscilloscope
(Tektronix DPO7254) with an input impedance of 50-� and
a band width of 2.5 GHz.

III. RESULTS AND DISCUSSION
The output characteristics of devices with variable comb
structures (0, 20, 100, 250, 500, and 750 µm) are compared
in Fig. 2(a). The electrical pulse width is much larger than
the optical laser pulse width because the carrier lifetime
in the semi-insulating GaAs used to fabricate the devices is
on the order of nanoseconds [18] that is much longer than the
laser pulse width of 700 ps. The PCSS remains conductive
even after the laser is off, leading to an electrical pulse width
that is much greater than that of the optical trigger pulse.

The GaAs PCSS with the longer comb length exhibits
higher output voltage. When we compare the output voltages
of the devices with the 750-µm-comb pattern and with-
out comb-pattern, the device with comb exhibits 3.53 times
greater peak output voltage. The peak output voltages of the
devices with 750-µm-comb and without comb are 608 V
and 172 V, respectively. The illuminated area of the
PCSS with 750-µm-comb is 1.19 times larger than that of
the PCSS without a comb, and the illuminated energy for the
PCSS devices with 750-µm comb (97.95 µJ) is 1.20 times
higher than that for the PCSS without a comb (81.92 µJ).
For this calculation, Gaussian beam shape of the excitation
laser is also considered. Taking into account the difference
in incident light energy, it can be concluded that the devices
with 750-µm comb will exhibit 2.94 times (3.53/1.20) higher
output pulse compared to the PCSS without a comb if the
illumination energy is same for both types of devices.

Fig. 2(b) shows the minimum resistance versus the
bias voltage for PCSS devices with various comb
lengths. The minimum resistance of the PCSSs tends to
decrease as the comb length increases, but saturation behavior
arises for the device with long comb lengths such that the
devices with comb lengths of 500 and 750 µm exhibit nearly
identical characteristics.
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FIGURE 3. (a) Schematic diagram showing a PCSS illuminated by an
elliptical laser beam. (b) Peak output voltage versus the laser beam
position for PCSS devices with various comb lengths.

The reduced minimum on-resistance of PCSS can be
attributed to two primary factors: the increase in photogen-
erated carriers due to a higher number of absorbed photons,
and the increased effective contact width. As the comb
length increases, the area illuminated by the laser beam also
increases, resulting in an enhancement of the output current
due to the larger number of photons incident on the GaAs
surface, which was discussed earlier.

Another factor contributing to the lower device resistance
is the larger effective contact width. For the PCSS without a
comb, the contact width is 5 mm. In contrast, for the 750-µm
comb PCSS with 125 combs, the effective contact width
becomes 192.5 mm (5+0.75 × 125×2), which is 38.5 times
greater than that of the PCSS without a comb.

To analyze whether and to what degree the comb electrodes
reduce the on-state resistance, the peak output voltage was
measured when the laser beam was moved from the anode to
the cathode at 200 Vwith optical energy of 10.8µJ. The laser
beam is transformed into an ellipse with a width of 220 µm
using a cylindrical lens (piano-convex cylindrical lens with
a focal length of 75.2 mm), as shown in Fig. 3(a). The peak
output voltage versus the beam position is shown in Fig. 3(b).
When the laser illuminates the center of the device, the peak
output voltage increases as the comb length increases. The
peak output voltage of the PCSS with the 750-µm comb was
2.59 times higher than that of the PCSS without a comb.

Without a cylindrical lens and at a bias voltage of 200V, the
PCSS without a comb produces an output voltage of 37.65 V.
In contrast, the 750-µm-comb PCSS generates a higher out-
put of 115.35 V, which is 3.06 times greater. Considering that
the PCSS with the 750-µm comb receives 1.2 times more
illumination, and assuming a linear relationship between the
output voltage and the optical energy, the expected increase in
output voltage is 2.54 times when the same amount of optical
energy is illuminated.

When the laser illuminates the edge of the cathode, the
highest output voltage is observed. As the trigger position
moves from the cathode towards the center of the device,
the output voltage of the PCSS decreases, as demonstrated
in earlier work [19]. This is attributed to the diffusion current
caused by the carrier concentration gradient [19].

Surface flashover may occur under an electric field
(< 10 kV/cm) much lower than the intrinsic breakdown field

FIGURE 4. (a) Peak output voltages versus bias voltages for PCSSs with
various comb structures. For each bias voltage, 100 measurements were
conducted. (b) The voltage where the flashover takes place at the cathode
and the anode for devices with different comb-patterned electrodes. For
each comb-length, 15 devices were measured.

FIGURE 5. (a) Schematic diagram showing front-side and backside
illumination. (b) Peak output voltage versus the bias voltage for PCSSs
with and without a comb under front-side and backside illumination
conditions.

of GaAs (250 kV/cm) [20], [21], [22]. A large number of
photogenerated carriers not only results in Joule heating but
also alters the electric field distribution [23].

Surface flashover begins to occur near the cathode elec-
trode due to the high electric field caused by hole accumula-
tion. When the PCSS is operated at higher voltages, flashover
at the anode occurs, resulting in the formation of multiple
cracks in the gaps between the electrodes [24], [25].

As shown in Fig. 4(a), the PCSS employing the longer
comb electrodes exhibits higher output voltages. As shown
in Fig. 4(b), the PCSS with the longer comb can be oper-
ated at the higher bias voltage without flashover. The PCSS
without a comb exhibits anode flashover when operated
at a bias voltage higher than 1.4 kV, and the device was
destroyed after several operations.Meanwhile, the PCSSwith
the 750-µm comb can operate at a bias voltage of 2.7 kV
without flashover.

The effect of backside illumination was also investigated
in the device with the 500-µm comb, as shown in Fig. 5.
As shown in Fig. 5(a), the laser beam enters through a
2-mm gap between the electrodes for front-side illumination,
whereas the laser beam enters through the 4-mm-wide aper-
ture of the PCB for backside illumination. The PCSS with the
comb exhibits higher output voltage than the device without
a comb for both front-side and backside illumination. At a
bias voltage of 1 kV, the 500-µm-comb PCSS under backside
illumination produces a peak voltage of 750 V, which is
1.28 times higher than the voltage of 583 V produced by the
front-side illumination. For the PCSS without a comb, the
peak voltage under backside illumination is 688 V, which
is four times higher than the voltage of 172 V obtained
under front-side illumination. The operating voltage of the

VOLUME 12, 2024 177121



Y. P. Kim et al.: Output Characteristics of a GaAs PCSS With Comb Electrodes

devices was also higher for backside illumination compared
to front-side illumination. The backside-illuminated PCSS
with the 500-µm comb exhibited an operating voltage of
2.6 kV, which was higher than the operating voltage of 2.3 kV
observed under front-side illumination. The enhanced output
characteristics of the back-side illuminated devices are due
to the reduced resistance underneath the metal contact [26],
which is caused by the photo-generated carriers underneath
the contact electrodes. This resistance reduction improves the
overall performance of the device [27]. Additionally, these
photo-generated carriers reduce the electric field intensity
at the edges of the electrodes, which helps to suppress the
surface flashover [28], and ensure a more even distribution
of potential, thereby enabling the device to operate at higher
voltages.

IV. CONCLUSION
AThe effects of comb electrodes on the output characteristics
of GaAs PCSS devices were investigated. A PCSS with a
comb achieved a peak output voltage 3.53 times higher than
that of a PCSS without a comb at a voltage level lower than
1 kV. Furthermore, the PCSSwith the comb electrode demon-
strated a higher operating voltage (2.8 kV) that was also
higher than that (1.7 kV) of the PCSS without a comb. With
backside illumination, the device performance was improved
further in terms of the on-resistance as well as the operating
voltage. This performance enhancement is attributed to the
reduced resistance as well as the weaker field strength at
the edge of the electrode metallization area due to the use
of the comb electrode and the backside illumination strategy.
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