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Abstract—High precision time-of-flight based light detection and
ranging (LiDAR) system needs compact ultrafast pulsed lasers,
such as gain-switched semiconductor laser diodes, which have
the advantages of low cost, small size, and mass-producible, for
short pulse generation, and are of great interest in many other
fields, where low-cost high-voltage electrical pulse generators are
in demand to directly modulate laser diodes for practical applica-
tions. Here, we presented a low-cost subnanosecond electrical pulse
generator based on avalanche transistors, with output electrical
pulses having a maximum peak voltage of approximately 25 V
and a minimum pulse width of approximately 450 ps, depending
on load impedance. We applied the electrical pulses on a gallium
nitride (GaN)-based blue-violet laser diode, and demonstrated typ-
ical gain-switching characteristics of the laser diode. The minimum
pulse width of the first spike of the gain-switched optical pulses was
as short as 23 ps. In addition, we constructed a field-programmable
gate array (FPGA)-triggered Marx generator with programmable
frequency, and demonstrated its practicability in characterizing the
transient gain-switching properties of laser diodes with a streak
camera. These results should be of significant interest for both
industrial applications and scientific research.

Index Terms—Avalanche transistor, electric circuit, gain switch,
laser diode, picosecond, pulse generation.

I. INTRODUCTION

IN OUR previous studies, we have demonstrated that even
with subnanosecond electrical pulses, optical pulses with

several- picosecond duration can be generated from gain-
switched semiconductor lasers combined with a low-cost
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spectral-filtering technique [1], [2], which allows the use of low-
cost subnanosecond electrical pulses for short optical pulse gen-
eration. Therefore, developing subnanosecond electrical pulses
with even lower cost and higher output voltage are of great
significance for short pulse generation in gain-switched semi-
conductor lasers.

Avalanche transistor having high nonlinear gain is known
to be useful in electrical pulse generation since its invention
[3], [4], and is still attracting interests in both fundamental
research and practical applications [5], [6], [7], [8]. Generally, an
avalanche transistor-based Marx circuit can generate electrical
pulses in the subnanosecond range [9], [10], which have been
widely used in radar, medical treatment, etc. [1], [2], [3], [4],
[5], [6], [7], [8], [9], [10], [11], [12] Recently, the generation
of electrical pulses with a peak voltage as high as 2 kV and
a rise time as short as 200 ps has been reported, through se-
lecting proper avalanche transistors and reducing the parasitic
inductance and capacitance of the printed circuit board (PCB)
[13], which clearly demonstrated the strong ability of avalanche
transistors in high-voltage pulse generation. With proper design,
the avalanche-transistor-based electrical pulse generators should
also be suitable for gain-switched semiconductor laser diodes,
however, related study has barely been reported thus far [14],
[15]. J. Vanderwall et al. [14] used an avalanche transistor for
three-stacked laser diodes and generated 120-ps optical pulses,
while B. Lanz et al. [15] used a GaAs-based fast avalanche
transistor to pump an 850-nm laser diode, which demonstrated
the gain-switching characteristics of the laser diode, and gen-
erated 40–70 ps high-power optical pulses. Compared to the
high-voltage avalanche transistors used in several of the above
papers, we used a low-voltage avalanche transistor for the circuit
design, which produces pulse currents at much lower breakdown
voltages and is more suitable for gain-switching semiconductor
lasers.

In this article, we demonstrated that even with the present
silicon-based avalanche transistors, semiconductor laser diodes
can be well driven, and the gain-switching characteristics of
laser diodes were systematically investigated. First, we used
low-cost avalanche transistors to construct a subnanosecond
electrical pulse generator with a maximum peak voltage of
25 V and a minimum pulse width of 450 ps, depending on the
load impedance. Next, we applied the output electrical pulses
of the pulse generator onto a GaN-based blue laser diode for
the gain-switching operation, and short laser pulses with a
duration as short as 23 ps were generated. We then constructed
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Fig. 1. Current–Voltage (I–V) characteristics of the avalanche transistor.

a field-programmable gate array (FPGA)-triggered Marx gener-
ator with the proper frequency to match the synchronous scan
operation model (synchroscan) of the streak camera, and demon-
strated the practicability of the FPGA-triggered Marx generator
in characterizing the transient gain-switching properties of laser
diodes. Our results are very promising for wide-spread applica-
tions, including optical time-of-light (TOF)-based sensing and
measurements.

II. AVALANCHE TRANSISTOR MARX PULSE GENERATORS

Commercial avalanche transistors (BFP450, Infineon) were
used in this study. To understand the avalanche-breakdown
property of the transistors, the current–voltage (I–V) curves
of the transistors were first investigated though a curve tracer
(Tektronix 370B). Fig. 1 shows the measured I–V curve of an
avalanche transistor. We observed that with an applied voltage
of over 8 V between the emitter and collector (VCE) of the
transistor, avalanche breakdown occurs, resulting in a rapid
increase in current and a rapid decrease in voltage (shown as the
red dotted line). After the avalanche breakdown, the transistor
acts as a resistor (shown as the triangle-marked blue line), and
the equivalent resistance is estimated to be approximately 50 Ω
according to the slope of the I–V curve. The collector current IC
including the avalanche effects is given by

IC=M (αIE + ICBO) with M = 1/ [1− (VCE/BVCBO)
m]
(1)

where α is the common base current gain, M is Miller’s
avalanche multiplication coefficient, BVCBO is the collector-
base breakdown voltage, m is a constant depending on the
material and doping profile of the collector-base junction. From
this equation we can see that, with increasing VCE up to BVCBO,
M increases rapidly, resulting in a transient large IC, i.e., tran-
sient avalanche breakdown. The transient on/off current of the
transistor can be used for pulse generation.

Fig. 2 shows a circuit schematic of a designed pulse gener-
ator that consists of a single avalanche transistor. The working
principle of the circuit can be described as below: Before the
trigger pulse arrives, the output of the trigger circuit is in a
high-impedance state, when the voltage of the capacitor is equal

Fig. 2. Circuit schematic of the single avalanche-transistor-based pulse gen-
erator.

to the power supply voltage VCC, i.e., VCE = VCC. At this
voltage, the transistor collector is reverse biased, the penetration
current flowing into the base region is very small, causing a part
of the current to flow from the base through the R0 out to the
ground, and the other part of the current to flow through the
emitter to the ground. Then, the base current IB < 0, the emitter
current IE > 0, the transistor is in a steady state, and the collector
current is very small, which can be considered to be in the cut-off
state.

When the trigger pulse arrives, the base negative current
decreases and gradually changes to the forward current. When a
critical point is reached, the collector current increases rapidly
and the transistor is punctured. Capacitor C1 is rapidly dis-
charged through transistor Q1, and a large transient current flows
through the load resistor RL. When the capacitor C1 discharge
has completed and the trigger pulse of the base disappears, tran-
sistor Q1 is turned off and the power supply charges capacitor
C1 again, while waiting for the next trigger pulse to arrive.

The pulse generation mechanism includes the transient
avalanche breakdown of the transistor and the discharge of
the storage capacitor C1. The rise time of the pulse is mainly
determined by the switching time of the transistor, while the
pulse amplitude and fall time depend on the values of VCC, C1
and RL [8]. Therefore, the proper selection of the volume of C1
is very important. As a storage capacitor, the value of C1 directly
affects the number of stored charge in each cycle of the pulse
generation, which determines the maximum power of the output
pulse. At the same time, C1 should not be too large, considering
the relation between the signal repetition frequency f and the
allowed charging time τ1 of the storage capacitor, as in

1/f ≥ τ1 = R1 × C1 (2)

The detailed effect of capacitor C1 on the output pulse was first
investigated. A high-speed oscilloscope (Agilent DSA91304A)
with a bandwidth of 13 GHz, and a sampling rate of 40 GSa/s
were used for this investigation. The DC supply voltage of the
circuit is VCC = 25 V, the parameters of other electrical elements
are C0 = 50 pf, R0 = 100 Ω, R1 = 1 kΩ, and RL = 50 Ω.
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Fig. 3. (a) Waveforms of the electrical pulses with different storage capacitors.
(b) Peak voltage and pulse width of the electrical pulses.

Fig. 3(a) shows the waveforms of the electrical pulses from the
single avalanche-transistor-based circuit with different values of
the storage capacitor C1. We observed that C1 has a significant
effect on the voltage and pulse width of the output electrical
pulses. Fig. 3(b) summarizes the capacitance dependence of the
peak voltage and pulse width of the electrical pulses generated
from the generator. We observed that the output pulse voltage
increases as capacitor C1 increases, with the pulse width si-
multaneously increasing. The fall time of the output pulse is
dominated by the discharging time τ2 of the capacitor C1 given
by

τ2 = (rE +RL)× C1 (3)

Here, rE is the equivalent source impedance of the transistor
circuit. Therefore, the output voltage and pulse width are two
comprehensive factors that should be considered in choosing the
volume of the storage capacitor.

Fig. 4 shows the circuit schematic of a designed Marx pulse
generator consisting of 5 avalanche transistors. The working
principle of the Marx generator is very similar to the single
avalanche-transistor-based circuit in Fig. 2. Without the trig-
ger signal, all the transistors in the circuit are turned off, the
power supply voltage VCC is charged to each capacitor C1–C5,
and the voltages across the capacitors are close to the power
supply voltage VCC. In this condition, all the transistors are
in a critical avalanche state. Once the trigger signal generated
from an oscillator reaches the base of transistor Q1, Q1 will

Fig. 4. Circuit schematic of the avalanche-transistor-based pulse generator.

experience avalanche breakdown immediately, and capacitor C1
will be rapidly discharged. In an ideal condition, the left end
of capacitor C1 is instantly grounded, and the potential on the
right end of capacitor C1, also the base of Q2, becomes −VCC,
and then transistor Q2 will experience avalanche breakdown,
consequently capacitor C2 discharges rapidly through transistor
Q2, and the potential on the right end of capacitor C2 changes
from zero to −2VCC. Similarly, with the avalanche conduction
of transistors Q3, Q4, and Q5, the right end of the last storage
capacitor C5 (output side), will have a negative output pulse with
a −5VCC peak voltage in an ideal condition.

In fact, we constructed an electrical pulse generator, which is
triggered by a common oscillator with a frequency of 4 MHz
and a Vcc of 5 V. The applied DC voltage VCC of the avalanche
transistors is 25 V. An SMA interface is used for the output
of the electrical pulses. Since the avalanche transistor produces
negative pulses, the laser needs to be inverted, as shown in Fig. 4.
And in this article, all the negative voltages have been made
positive for ease of handling. In subsequent experiments that
require voltage bias, Vout needs to be connected to the RF port
of the biasT component, the DC bias needs to be connected to
the DC port, and finally the output port needs to be connected
to the laser diode.

A high-speed oscilloscope (Agilent 86100D) was used for the
waveform measurements of the electrical pulses, where part of
the signal from the oscillator on the PCB is used to trigger the
oscilloscope. Fig. 5(a) shows two waveforms of the electrical
pulses with different load impedances of 50 Ω and 5 Ω. We
observed that the peak voltage and the pulse duration of the
electrical pulses depend on the load impedance applied on the
output of the pulse generator. With a load impedance of 50 Ω,
the peak voltage is approximately 25 V with a duration of
approximately 1 ns. While with a load impedance of 5 Ω, the
pulse width can be as short as 0.45 ns with a reduced peak voltage
of approximately 16 V. The mean jitter of the electrical pulses
is measured to be only approximately 18 ps, indicating a very
stable signal.

Fig. 5(b) shows waveform period of the electrical pulses,
where the delta-function shaped pulses with a period of 250 ns
are clearly demonstrated. The frequency of the output pulses
depends on the used oscillator in the circuit, and can be changed
by changing the clock frequency of the oscillator. Fig. 6 shows
the output voltages of the Marx pulse generator with different
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Fig. 5. (a) Waveforms of the electrical pulses with impedances of 50 Ω
and 5 Ω. (b) Waveform period of the electrical pulses with a load impedance
of 5 Ω.

Fig. 6. Output voltage of the Marx pulse generator with different operation
frequencies.

operation frequencies. The decrease in the voltage at high fre-
quencies is considered to be caused by the insufficient charging
of the capacitors at high operation frequencies.

During pulse generation, all the capacitors and the transistors
in the 5-stage Marx generator (n = 5) are connected in series.
Following (3), the fall time of the output pulse is dominated by
the time constant τE given as

τE = (RE +RL)× CE = (rE × n+RL)× C1/n (4)

Therefore, the effect of load impedance on the pulse width
as demonstrated in Fig. 5(a) can be well understood. We used
the same transistor and the same capacitor for each stage in
the present generator. However, if there are some mismatches
between the stages, their effects on the output pulses will be
reflected through the equivalent resistance RE and capacitance
CE. The non-uniformity of the switching time of the transistors
will also affect the rise time of the output pulses. These effects
should be considered during the design and optimization of the
generators.

The output voltage of the circuit is much less than the max-
imum 5VCC, which can be attributed to the non-ideality of the
electronic components, where the resistances in the transistors
and the capacitors cannot be ignored because they can sig-
nificantly reduce the output voltage. The maximum amplitude
VMAX of the output pulses can be given by

VMAX = nU0 ×RL/(RE +RL) (5)

Where U0 is the initial voltage across each capacitor before
discharge. In order to get higher output voltage, one should try
to measure the accurate equivalent impedance RE of the circuit,
and then choose proper load resistance to match the source
impedance. Actually, a pulse generator capable of generating
an output voltage of 15–25 V is sufficient for many practical
applications, such as Electrical Time Domain Reflectometry
(ETDR), which works by propagating an electrical pulse signal
from one end of a transmission line and then monitoring the
characteristics of each reflected pulse [16]. In particular, such
pulse generator is very suitable for driving semiconductor laser
diodes under gain-switching operation.

III. PICOSECOND GAIN-SWITCHING OPERATION OF BLUE

LASER DIODES WITH MARX GENERATORS

A GaN blue-violet single-mode laser diode with a pigtail
package was used for this study. Compared to 1300 nm and
1550 nm lasers, 405 nm lasers have a higher forbidden band-
width and require a higher voltage, which make it more difficult
to excite. If a 405 nm laser can be successfully excited by our
driver, those lasers with a longer- wavelength can certainly be
excited. The continuous-wave (CW) lasing properties of the laser
diode were first investigated with a DC current–voltage source
(R6240A, Advantest) and a power meter (Q8230, Advantest).
Fig. 7 shows the output power (right) and voltage (left) of
the laser diode with different injection currents. The threshold
voltage is 4.8 V and the threshold current is approximately
22 mA. From the light–voltage–current (L–I–V) curves of the
laser diode, the slop efficiency is known to be approximately
0.55 W/A, and the resistance of the laser diode can be roughly
estimated to be approximately 10 Ω. The inset shows that the
lasing wavelength is approximately 405 nm, with a spectral
width of 1.5 nm.

The GaN blue-violet laser diode was then used for optical
pulse generation with the 5-avalanche-transistors-based Marx
generator. The laser diode was connected to the electrical pulse
generator through a simple connecting socket on the PCB for
gain-switching characterizations, and the output of the electrical
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Fig. 7. Output power (right) and voltage (left) against injection current of the
GaN laser diode. Inset shows a lasing spectrum of the laser diode.

pulse generator was connected to one channel of the high-
speed oscilloscope simultaneously. Therefore, the equivalent
load impedance of the circuit can be roughly estimated to be
approximately 8 Ω, considering the 50-Ω equivalent impedance
of the oscilloscope and the 10-Ω impedance of the laser diode.
The optical signal from the laser diode was converted to an
electrical signal though a high-speed photodetector (PD1004,
Newport) with a response limitation of approximately 12 ps,
and was subsequently measured through another channel of the
high-speed oscilloscope.

Fig. 8(a) shows the synchronously measured waveforms of the
electrical pulses applied on the laser diode and the output optical
pulses from the laser diode. The initial times of the waveforms
were adjusted according to the different lengths of the cables
and the shapes of the falling edge of the electrical pulses. The
measured pulse width of the electrical pulses is approximately
0.8 ns, and the voltage is approximately 16 V. The mean jitter
of the electrical pulses is measured to be approximately 20 ps.
The waveform of the optical pulses includes the first spike, the
subsequent oscillation, and the steady-state component, which
are typical characteristics of the pulses from gain-switched
semiconductor lasers [17], [18]. The large contrast of the first
spike to the steady-state component indicates the large gain of
the laser diode, which is highly desired for short optical pulse
generation.

Fig. 8(b) shows an enlarged waveform of the first spike of
the optical pulse: the peak power is approximately 550 mW, the
pulse width is measured to be approximately 23 ps, including a
mean jitter of 10 ps. Namely, we successfully demonstrate a low-
cost laser diode driver with a larger output power and narrower
electrical pulses compared to the sub-ns pulse integrated CMOS
driver chip [19]. By combining the driver with the laser, we
obtain a simple laser seed source with only ∼20 ps pulse width.
Most of the commercially available mature seed sources (e.g.,
Thorlabs, Photline & PicoQuant) have pulse widths of nearly
100 picoseconds and are very expensive. In contrast, ours is
much more cheap and compact. Fig. 8(c) shows a log plot of
the rising part of the waveform with a mono-exponential fitting.
The constant rise time τ rise = 7 ps obtained from the fitting
result is a reflection of the saturation gain of the laser diode,
which is a very important parameter that determines the gain-
switching characteristics of the semiconductor laser diode [20],

Fig. 8. (a) Waveforms of the electrical pulses applied on the laser diode and
the optical pulses generated from the laser diode. (b) Enlarged waveform of the
gain-switched optical output pulses from the laser diode, with a pulse width of
23 ps of the first spike of the pulses. (c) Log plot of the rise part of the waveform
with a mono-exponential fitting (red solid line).

[21]. According to the relationship between the rise time and
the saturation gain [21], and considering the general structure of
the laser diode, the saturation gain of the present laser diode is
estimated to be in the order of 103 cm−1, which is still lower than
the theoretical maximum values in literatures [22], indicating
that the pulse width can be further reduced by optimizing the
laser structures.

We tested the temporal stability and spectral stability of
semiconductor lasers driven by Marx circuits, as shown in Fig. 9.
The gain-switched semiconductor lasers can remain stable even
without cooling devices such as thermoelectric coolers, and both
the intensity and width have only a maximum fluctuation range
of ±10%. Consequently, it is reasonable to conclude that even if
affected by the environment, the gain-switched semiconductor
laser can continue to work stably to a certain extent. Without the
effects of parasitic elements, the shape of the steady-state com-
ponent of the gain-switched pulse should follow the waveform
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Fig. 9. Relative changes in the maximum value and width of the optical pulse
(a) and the spectrum (b).

of the applied electrical pulses. The relative smooth waveform of
the steady-state component of the optical pulse compared with
the falling part of the electrical pulse indicates that the transient
carrier density in the laser diode is not a direct reflection of
the electrical pulse, but is modified by some additional effects
such as the parasitic capacitance; consequently, even if some
acupuncture signals exist in the electrical pulse, they may not
affect the generation of optical pulses significantly. However,
reducing the effects of parasitic capacitance in laser diodes
remains necessary, especially for the case of using high-speed
and ultrashort electrical pulses.

IV. FPGA-TRIGGERED MARX GENERATOR FOR

STREAK-CAMERA CHARACTERIZATION

As demonstrated in Section III, the combination of a high-
speed oscillator with a high-speed photodetector is very use-
ful in measuring the waveform of the optical pulses from the
gain-switched laser diode; however, this experimental setup
cannot show the transient spectral characteristics, which are
very important in understanding the gain-switching dynamics
of semiconductor lasers.

A streak camera is a powerful tool that can measure the tran-
sient optical properties of gain-switched semiconductor laser
diodes in both time- and wavelength-resolved methods. A streak
camera has two major working modes: single shot mode and syn-
chronous scan (synchroscan) mode. The synchroscan operation
method of a streak camera has the advantages of high signal
to noise ratio, and high-speed characterization. However, in the
synchroscan model, the scanning repetition rate is strictly fixed
at a certain value, for example 80 MHz, and the frequency of the
signal must also be strictly synchronous with the scanning fre-
quency of the streak camera. Commercially used programmable
electrical pulse generator for generating electrical pulses with
the required frequency to drive the semiconductor laser diodes
for the gain-switching operation is very expensive and requires
a large volume, which limit their practical applications in both
industry and academia. Therefore, frequency-tunable low-cost
electrical pulse generators are highly required.

Fig. 10. (a) Waveforms of the electrical pulses Marx pulse generator, and the
clock signals from the FPGA. (b) Enlarged waveforms of the pulses from the
FPGA-triggered Marx generator with different bias currents of 0 mA, 30 mA,
and 70 mA.

Here, we proposed a useful method to resolve this problem
by the combination of a low-cost Marx generator and a low-
cost FPGA (Field-Programmable Gate Array). An FPGA is
widely used in many fields benefiting from its simplicity and
programmability [23], [24]. It can be programmed to generate
various signals with the required pattern and frequency, and can,
therefore, be used to generate trigger signals with the required
frequency for the avalanche-transistor-based Marx generator to
generate electrical pulses for semiconductor laser diodes. The
Marx generator used for this purpose was similar to the one
shown in Fig. 4, where the oscillator generating clock signals
was replaced with an FPGA.

Fig. 10(a) shows the clock signals from an FPGA, and the
waveforms of the electrical pulses from the Marx pulse gen-
erator. As shown in Fig. 10(a), the frequency of the output
pulse from the Marx generator is programmed with an FPGA
to be 10.1 MHz, which is one eighth of the basic scanning
repetition ratio of the streak camera (C10910, Hamamatsu),
i.e., 80.85 MHz, and can be used for the synchroscan operation
method.

A lab-made GaN laser diode with a can-type package was
used for this demonstration. The fabrication procedure and the
structure of the laser diode were given in a previous study
[2]. Compared with single-mode lasers, lab-made multi-mode
lasers have short high-energy pulses and long-lasting low-energy
pulses when excited by long pulses. Single-mode laser diodes, on
the other hand, can only produce pulses of a single wavelength.
Otherwise, the performance of the two lasers is quite similar. The
laser diode has a 160-mA continuous-wave lasing threshold. The
lasing wavelength is approximately 450 nm. The laser diode was
driven by the Marx generator with a DC bias. Fig. 10(b) shows
the enlarged waveforms of the pulses from the FPGA-triggered
Marx generator with different bias currents of 0 mA, 30 mA,
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Fig. 11. Streak-camera images of the emission from the laser diode with
different bias currents of (a) 8 mA, (b) 2.1 mA, and (c) 1.8 mA, respectively.

and 70 mA. As shown, with the DC current increased to 70 mA,
the steady electrical level of the pulses was increased by 3.44 V,
indicating that the resistance of the laser diode is approximately
50 Ω.

The electrical pulses generated from the Marx generator was
applied on the GaN laser diode, and the signal from the FPGA
was also used to trigger the streak camera. The lasing emission
from the laser diode was collimated by an objective lens and
was collected to the streak camera measurement system. Fig. 11
shows the measured time- and wavelength-resolved emission
spectra of the laser diode with the streak camera. The spectral
dynamics of the laser diode below and above the lasing threshold
are clearly demonstrated. At below the threshold (1.8 mA),
the streak camera image shows a spontaneous emission with
a broad spectrum and a long duration of the laser diode. At the
threshold (the DC bias threshold is 2.1 mA under fixed pulse
excitation), the lasing emission appears at the short wavelength
side of the spontaneous emission, and both the spectral width
and pulse width of the emission were significantly decreased.
The pulse width is measured to be approximately 430 ps. With
an injection current of 8 mA, the image shows a very different
pattern compared to the one around the threshold, where the
pulse width shows a clear wavelength dependence.

Fig. 12 shows the spectra with different times of the gain-
switched pulses extracted from the streak camera image. At the
initial stage of the gain-switched pulse, the spectra are very broad
with a full width at half maximum (FWHM) value of 2 nm. As
time progresses, the spectra become narrower and shift to the
long wavelength side. Fig. 13 shows the extracted waveform
from the streak camera image. The total pulse width is measured

Fig. 12. Spectra with different pulse times extracted from the measured streak
camera image of the laser diode with 8-mA injection current.

Fig. 13. Waveform of the pulses extracted from the measured streak camera
image of the laser diode with 8-mA injection current.

to be approximately 630 ps, while the short wavelength side
(high-energy side,< 446 nm) has a pulse width of approximately
320 ps. The characteristics of the wavelength-dependent pulse
width of the gain-switched pulses was previously observed from
single-mode semiconductor lasers [25], [26], and was attributed
to the transient change in carrier density, which resulted in the in-
dex change. These results observed in the present study demon-
strated that the characteristics of the wavelength-dependent
pulse width also appears in the multiple-mode semiconduc-
tor laser; however, understanding the fundamental physics of
these characteristics in multimode semiconductor lasers is still
needed. The clear images of the gain-switched pulses taken
with the streak camera demonstrated the practicability of the
FPGA-triggered Marx pulse generator for characterizing the
gain-switching properties of the laser diode with the low-cost
current injection method, indicating the great potential appli-
cations of the Marx generators in the measurements of the
time-resolved spectra of current-injected luminescence devices
such as LEDs and laser diodes.

V. CONCLUSION

We presented a low-cost subnanosecond electrical pulse gen-
erator based on avalanche transistors, where the output elec-
trical pulses have a maximum peak voltage of 25 V and a
minimum pulse width of 450 ps, depending on the output
load impedance. We applied the electrical pulse generator on
a GaN-based blue-violet semiconductor laser diode for the



1500408 IEEE PHOTONICS JOURNAL, VOL. 16, NO. 1, FEBRUARY 2024

demonstration of optical pulse generation via the gain-switching
method; thus, optical pulses with a duration as short as 23 ps were
obtained. These results demonstrated that even with the present
avalanche-transistor-based low-cost electrical pulse generator,
picosecond-short optical pulses from semiconductor lasers can
be obtained via the gain-switching method. Such picosecond
optical pulses can be used in TOF technique-based measurments
to obtain higher signal-to-noise ratio and timing accuracy, i.e.,
higher measurement precision. In addition, we constructed an
FPGA-triggered Marx generator with programmable frequency,
and demonstrated the practicability of the characterization of the
transient gain-switching properties of laser diodes with a streak
camera. These results should be of significant interest for both
industrial applications and scientific research.
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