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Abstract: In this paper, we report, for the first time, that by modulating
pump beam to suppress ASE effect we realized ultra-low repetition rate
output in an all fiber based Er:Yb codoped master oscillator power
amplifiers (MOPA) system. Combined with pulse shaping technology,
pulses with up to 205 pJ pulse energy and 200 ns pulse duration were
obtained at Hz level.
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1. Introduction

High energy pulsed fiber lasers have been considered as an enabling technology with many
applications, such as laser sensing, laser imagery coherent Lidar, holography, free space
optical communications, and material processing due to their many advantages such as
compact, light-weight and high wall-plug efficiency [1-8]. In eye safe wind-profiling Lidar
applications, 200 ns pulse width is required at low repetition rate down to Hz level. However,
due to amplified spontaneous emission (ASE) effect and the gain dynamics in Er-doped fiber
lasers, the repetition rate is limited to kHz [6-9]. Q-switched solid state lasers are usually
applied with comparatively low pulse repetition rates [10], but these lasers are bulky and less
robust to environment change

In recent publication we demonstrated a 10 kHz repetition rate, 130 uJ pulse energy at a
wavelength of 1.5 um with a pulse width of 200 ns [11]. In this paper, we have explored the
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possibility of lowering the repetition rate to Hz level without losing pulse energy and
sacrificing optical signal to noise ratio (OSNR). We report, for the first time, to apply
modulated pulsed pump scheme in Er:Yb codoped fiber laser to solve these drawbacks of
ASE accumulation, pulse narrowing, and nonlinear effects. As demonstrated below, we have
succeeded in generating 200 ns pulses with pulse energy of 240 uJ at 100 Hz and 205 pJ at
Hz level. To our knowledge, this is the highest pulse energy from an all fiber based 1.5 um
laser at such a low repetition rate.

2. Experiment

Experimental setup is shown in Fig. 1. The seed laser was a 1535 nm distributed feedback
(DFB) laser with 200 kHz linewidth. The seed laser was driven by a home-made driving
board. The shaped pulse was generated by changing the driving current format and bias of the
direct modulation DFB laser. The pulse width was set to 200 ns. The shaped pulses were sent
to a two-stage pre-amplifier (Al and A2), which had been optimized and characterized as
well. The repetition rate of seed laser was set at 15 kHz to guarantee that the OSNR would be
greater than 30 dB after preamplifiers. Two 976 nm multimode laser diodes were used as
pump for the final power amplifier. The active medium in the final amplifier was a 1.6 m-long
double-clad Er:Yb co-doped fiber with a core diameter of 17 um and a clad diameter of 200
pm (Nufern). An acoustic optical modulator (AOM) was used as pulse picker to lower the
seed repetition rate for the final power amplifier.
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Fig. 1. Experiment system block diagram. There are 5 ports to monitor system and collect
data.® Electronic modulation signal or trigger signal from seed laser driving board; @ Seed
laser monitor; @ Circulator port 3 (exit) monitor; @ Combiner’s unused channel monitor; ®
Final output

In our experiment, the pump laser diodes of the final amplifier were working under pulse
mode. The pump time was 500 ps for each selected pulse. The peak pump power was tuned
up to 17.2 W. The seed laser arriving time, AOM trigger time and pump driver trigger time
were synchronized by an AOM driving board manufactured in house. Figure 2 is a screen shot
of oscilloscope during experiment to show the synchronization. The lower trace represents
seed laser electrical monitor with a repetition rate of 15 kHz. The middle trace represents
AOM trigger signal with a gate width of 3 ps. The synchronized triggering of the AOM
allows the transmission of 200 ns seed pulses to power amplifier at the selected rate. In this
specific case, the pulse picker repetition rate is 100 Hz and the gate time for pump was set to
200 ps (upper trace in Fig. 2). The selected signal pulse arrives 20 us after the pump trailing
edge. This delay time is tuned during experiment to maximize the output power.
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Fig. 2. Oscilloscope screenshot of trigger signals from the AOM driver. The upper trace
represents the trigger signal for pump driver, the middle trace represents the AOM trigger
signal and the lower trace represents seed laser electrical monitor with a repetition rate of 15
kHz.

A laser driver was successfully developed that is capable of generating different wave
formats with varying pulse widths in our experiment. The laser driver generates a series of
micro-pulses in order to produce a single macro-pulse with the desired pulse shape. This
capability allows for mitigating both stimulated Brillouin scattering (SBS) effect (by shaping
micro-pulse) and gain narrowing effect (by shaping macro-pulse) while generating high
energy pulse amplification at 1.5 um wavelength. The pulse shape of seed laser is a 200 ns
macro-pulse containing 5 micro-pulses with increasing amplitude (as shown in Fig. 3a). After
power amplification, an output pulse with 200 pJ pulse energy and 200 ns macro pulse width
was obtained (as shown in Fig. 3b). The SBS is effectively suppressed during amplification.
This is due to the fact that each micro-pulse has a shorter pulse width which increases the SBS
threshold dramatically. Detailed explanations were discussed in other publications [11, 12]. In
this experiment, the back-reflected SBS from the circulator port 3 is monitored. No obvious

SBS effect was observed at pump peak power of up to 17.2 W (500 us, <100 Hz).
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Fig. 3. Oscilloscope screenshots for: (a) Manipulated seed shape; (b) Output pulse shape with
200 pJ energy and ~200 ns macro-pulse width.

200 ns pulses were generated at the output of the high energy amplifier at various pump
peak powers and repetition rates. The pump peak power was tuned from 0 to 17.2 W with a
fixed width of 500 us. Repetition rate was gradually reduced from 100 Hz to 1 Hz. The result
of output pulse energy is shown in Fig. 4.
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Fig. 4. Output pulse energy vs. Pump peak power at various repetition rates.

Output pulse energy was measured with a pyroeletric detector (Newport). At a repetition
rate of 100 Hz, pulse energy of up to 240 puJ was obtained. When the repetition rate is at a few
Hz level, pulse energy of 205 uJ was obtained at pump peak power of 17.2 W. It was noticed
that for the same output pulse energy, a lower pump peak power was required for a higher
repetition rate. For an example, to generate 200 uJ pulse energy, 14.9 W, 154 W, 159 W, and
16.8 W pump peak power is needed for 100 Hz, 75 Hz, 50 Hz and 10 Hz respectively. For
repetition rates less than 10 Hz, the output pulse energy dependence on peak pump power are
the same. This is due to Erbium fluorescence lifetime which is about 10 milliseconds. At a
high repetition rate, when the new pulse comes in, there are still some left over energy stored
in fiber, which is not extracted by the previous pulse. At low repetition rates, when the new
pulse comes in, any leftover energy stored in fiber which is not extracted by the previous
pulse, will completely decay before the arrival of new pulse. The overall effect lowers the
required pump power at higher repetition rates.
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Fig. 5. Output spectrum for 10 Hz, 180 pJ pulse energy output. Over 26 dB of OSNR was
obtained.

Comparing with CW pumping, the ASE was significantly reduced by the scheme of
modulated pulse pumping, especially at an ultra low repetition rate. This is because the energy
level inside the gain fiber remains at a low level at most times when no seed pulse is
generated. Figure 5 shows an optical spectrum for output beam at 10 Hz repetition rate. An
OSNR of greater than 28 dB was obtained with 180 pJ pulse energy output. If using CW
pumping, most of the output energy will be ASE at such a low repetition rate.
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To further increase output pulse energy, higher pump peak powers were tested. However
both SBS and ASE started to build up significantly. Further increasing the pump power also
led to self-pulsing in the amplifier. More development effort is needed to suppress such
effects.

3. Discussion and conclusion

In summary, we have demonstrated a modulated pulsed pump scheme combined with a pulse
shaping technology to generate high energy pulses at a wavelength of 1.5 pm with low
repetition rates. This method has been proven to be an efficient way to mitigate ASE in high
energy 1.5 um Er:Yb codoped fiber lasers. SBS and pulse narrowing effect were suppressed
as well by using pulse shaping technology. We successfully generated a 200 ns seed macro-
pulse comprising of a series of micro-pulses each with a pulse width less than 20 ns. After
power amplification, we obtained pulse energy of 205 pJ at ultra low repetition rates (<10
Hz).
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