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Pulse Distortion in Saturated Fiber Optical Parametric
Chirped Pulse Amplification
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DTU Fotonik, Department of Photonics Engineering, Technical University of Denmark, DK-2800 Kgs. Lyngby, Denmark
*Corresponding author: zoda@fotonik.dtu.dk

Abstract: Fiber optical parametric chirped pulse amplification is experimentally compared for
different chirped pulses in the picosecond regime. The amplified chirped pulses show distortion
appearing as pedestals after recompression when the amplifier is operated in saturation.

OCIS codes: (190.4410) Nonlinear optics, parametric processes; (190.4970) Parametric oscillators and amplifiers

1. Introduction

Fiber optical parametric chirped pulse amplification (FOPCPA) has recently been the focus of studies as a promising
amplification scheme for pico- and femto-second pulses in optical fibers [1-3]. Since parametric amplification is an
ultrafast process with gain strongly dependent on the input signal power [4], the output of an FOPCPA depends on
the temporal profile of the input chirped signal, an effect that is revealed in the amplified signal after recompression.
The amplified signal distortion can be investigated operating in the nonlinear gain regime to highlight the effect of
the parametric gain response. Recent numerical studies have reported the appearance of pulse distortion in the form
of pedestals around the recompressed signal in the nonlinear gain regime [5-6]. In this work, we have experimentally
compared FOPCPA for differently chirped pulses under transition from linear to saturated gain regime and
investigated the signal distortion after recompression. We experimentally show, for the first time to the best of our
knowledge, that chirped pulse distortion in FOPCPA during amplification cannot be recovered by recompression.

2. Results and discussion

The experimental set up is shown in Fig. 1. The pump signal is a continuous wave at 1557.5 nm that is phase
modulated using a 10 Gb/s 2’-1 pseudorandom binary sequence to suppress stimulated Brillouin scattering,
amplified by an erbium-doped fiber amplifier (EDFA) up to 28.5 dBm and filtered by a 1-nm bandwidth optical
band pass filter (OBPF). The chirped signal pulses are generated through a tunable laser followed by an intensity
modulator (IM) and a phase modulator (PM) synchronously driven by sinusoidal electrical signals at 40 GHz. The
pulses are then amplified, filtered by 5-nm bandwidth OBPF and the power at the input to the amplifier is controlled
by a variable optical attenuator (VOA). A 10/90% coupler combines the pump and signal into a highly nonlinear
fiber (HNLF) characterized by the parameters reported in the caption of Fig. 1. The amplified signal is finally
filtered by a 5-nm bandwidth OBPF. The output of the PM is a positively chirped (PC) pulse, with 5.4-ps pulse
width as measured by an autocorrelator, which calculates the FWHM of the pulse by deconvoluting the
autocorrelation under the assumption of a sech” pulse shape. Compressing the output of the PM by 250 m of
standard single mode fiber (SMF) will result in negatively chirped pulses (hereafter referred to as pre-compressed
pulses) with 2.9 ps width, as indicated in the inset of Fig. 2

The dynamics of amplification of chirped pulses in FOPCPA has been investigated for the generated broad PC
and narrow pre-compressed pulses. Furthermore, the broad PC pulses have been post-compressed after filtering the
amplified signal (using the same amount of SMF as for pre-compression) in order to evaluate the quality of the
amplified signal when moving from the linear to the nonlinear gain regime. The signal gain at 1547 nm (which
corresponds to the phase matched wavelength, resulting in maximum small signal gain) has been characterized as a
function of the signal input power for the pre- and post-compressed pulses, as shown in Fig. 2.
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In the linear gain regime, both signals have the same gain, but by increasing the signal input power, the gain
saturates faster for the shorter pre-compressed pulses than for the broader post-compressed pulses. In fact, the gain
saturation depends on the signal peak power as the parametric gain responds fast to the input signal time variations.
The gain difference at Ps=-7 dBm is 1.4 dB and it even increases to 2.8 dB for Ps=-1.2 dBm. The pulse
broadening evolution under saturation for three situations (PC, pre- and post-compressed pulses) is illustrated in
Fig. 3. The measurements show that the pulses are temporally broadened when operating in gain saturation. The
broadening rate, however, is different for different amounts of chirp. Comparing the broad PC and narrow pre-
compressed pulses shows that the broadening is faster for the latter. The pulse shapes in the three cases at different
saturation levels are shown in Fig. 4. The shape of the narrow pre-compressed pulse shows strong pedestals in deep
saturation (middle plot).
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Fig. 3 Pulse width as a function of the signal input power for broad PC,

narrow NC and post-compressed pulses. Fig. 4 Autocorrelation trace for the PC (top), pre-compressed (middle)

and post-compressed pulses (bottom) under different saturation levels.

Furthermore, the comparison between pre-and post compression in the linear regime shows the same pulse
shape, as shown in Fig. 4 (solid curves in the middle and bottom plots). The pulse broadening is mild in the case of
post-compression and the pulse shape can be maintained for higher signal input powers. This can be related to the
lower nonlinear interaction during amplification for temporally broad pulses. The amplified pulse preserves its shape
and width up to P, = -3 dB (blue stared curve in Fig. 3), i.e. when the gain is saturated by more than 3 dB. For higher
saturation levels, e.g. P;=-1.2 dBm in Fig. 4, the PC signal demonstrates that the pedestals emerging around the
amplified signal (top plot) cannot be removed by post-compression (bottom plot). The experiments thus confirm the
results shown only numerically in [5,6].

The effect of the signal dispersion is here limited as the signal is located in the weak normal-dispersion region of
the HNLF (3.4 nm below the zero-dispersion wavelength). Our numerical studies, which are not presented here,
have however disclosed that the pulse quality can also be affected by the signal dispersion, depending on the chirp
of the signal at the input of the amplifier. These effects are currently under further investigation.

In conclusion, FOPCPA has been experimentally investigated for different chirped signals in the linear and
nonlinear gain regimes. The broadly chirped signals have higher saturation powers, which result in reduced pulse
distortion for higher signal input powers. The amplified chirped signals in highly saturated amplifiers show excess
distortion under the form of pedestals around the amplified signal after recompression.
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