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Abstract—A novel scheme is proposed to extend the pulse 
duration based on a programmable dispersion loop. The 
repetition period is 1024-fold increased by a magneto-optic 
switch and the duration is recirculated by 50 times. 
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I.  INTRODUCTION  
Linearly frequency modulated (LFM) pulse with a large 

time-bandwidth product (TBWP) has been widely used in 
modern radar systems [1-3] and optical instruments [4]. The 
electronics-based method to generate LFM pulse is usually 
restricted in the bandwidth and central frequency [1]. In 
contrast, the photonics-based technology [5] is able to 
substantially improve the frequency/bandwidth and phase 
noise. Especially, the wavelength-to-time mapping method 
becomes more attractive due to its simplicity, low cost, and 
high tunability. An ultra-short optical pulse (usually at fs level) 
from a mode locked laser (MLL) is wavelength-to-time 
mapped by a dispersion medium, and thus the optical pulse is 
stretched to acquire new amplitude and phase characteristics in 
the time domain. By adapting the unbalanced heterodyne 
beating method [6] or manipulating the spectral response of the 

spectral shaper [7], an LFM pulse with high tunability of the 
central frequency, chirp, and bandwidth can be generated. For a 
coherent radar system [1,2], high repetition rate of the MLL is 
usually required to increase the sampling rate in the receiver 
[1,8] whereas it limits the range ambiguity. Furthermore, due to 
the finite dispersion possibly provided by typical dispersive 
elements, the duration of the dispersed pulse is usually short. 
Most recently [9], an electro-optic modulator was utilized to 
reduce the repetition rate and the repetitive multi-time use of a 
linearly chirped fiber Bragg grating (LCFBG) in a recirculating 
loop is proposed to extend the pulse duration. However, the 
extinction ratio of the modulator is relatively finite and the 
round trip of only 5 was reported [9].  

In this paper, we demonstrate a novel scheme to extend the 
duration of the dispersed pulse. A magneto-optic switch driven 
by an FPGA-controlled arbitrary waveform generator reduces 
the repletion rate by 1024 times. Another magneto-optic switch 
forming a programmable dispersion loop is used to recirculate 
the wavelength-to-time mapping. A repetitive trip of 50 times 
is achieved to increase the pulse duration from 1 ns to 50 ns. 

II. EXPERIMENTAL SETUP 
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Fig.  1. Experiment setup.  MLL: mode locked laser, PD: photodetector, AMP: electric amplifier, FPGA: field-programmable gate array, AWG: 
arbitrary waveform generator, EDFA: erbium-doped fiber amplifier, ATT: optical attenuator, LCFBG: linearly chirped fiber Bragg grating, TOF: 
tunable optical filter. 



The experimental setup is depicted in Fig. 1. An MLL 
(Precision Photonics Corp., FFL-1560-B) served as the optical 
source generates an ultra-short pulse train with the repetition 
rate of 37 MHz (period of ~27 ns) and the spectral bandwidth 
of ~35 nm. The pulse train is split into two beams with a ratio 
of 10:90. The 10% beam is converted to a microwave pulse 
train by a photodetector (PD1, Emcore 2522), amplified by an 
electric amplifier (AMP), and finally launched to an FPGA 
(Xilinx Virtex-5). The FPGA counts the microwave pulse train, 
then outputs TTL signals at the specific time as pre-
programmed. The TTL signals works as the synchronous 
source of an arbitrary waveform generator (AWG, Agilent 
81150A), which controls two magneto-optic switches. The 
switches have the maximum repetition rate of 1 MHz, the 
extinction ratio of >30 dB, and the insertion loss of ~1.5 dB.  

The 90% beam is launched into the SWITCH1 (1×2 
magneto-optic switch), which is biased by the AWG to reduce 
the pulse repetition rate. The pulse train goes towards the 
SWITCH2 (a 2×2 magneto-optic switch) to form a 
programmable dispersion loop. The loop is composed of an 
erbium-doped fiber amplifier (EDFA1, Calmar Coronado), a 
linearly chirped fiber Bragg grating (LCFBG), an optical 
attenuator (ATT), and a 50:50 coupler. Due to the simultaneous 
synchronization among the MLL, AWG, and switches, one 
optical pulse can propagate into the dispersive loop when 
SWTICH2 is at its cross state, and get recirculation in the loop 
when SWTICH2 is at its bar state. The optical pulse 
accumulates the dispersion each time when it propagates 
through the LCFBG and is split by a 50:50 coupler after each 
round trip. One half of the dispersed pulse is coupled into the 
loop for next recirculation and the other half is launched into 
another EDFA2 laid outside the loop to compensate the loss, 
and then filtered by a tunable optical filter (TOF, Alnair Labs 
CVF-220CL) to reshape the dispersed pulse. Finally, the 
dispersed pulse train is detected by another PD2 (Discovery 
DSC-R412). 

III. EXPERIMENTAL RESULTS 
Figure 2(a) illustrates the temporal trace of the MLL pulse 

train and the FPGA output, which are both measured by an 
oscilloscope (Keysight DSO-S 804A). The FPGA generates a 
synchronous signal with a preprogrammed reduction of the 
repetition rate. In the experiment, we demonstrate a repetition 
rate reduction of 1024 times. The MLL has a period of ~27 ns 
while the FPGA signal has a period of ~27 s (i.e. a repetition 
rate of 37 kHz). Figures 2(b) and 2(c) compare the electric 
spectra of the pulse trains of the MLL and the FPGA-driven 
SWITCH1, which are both converted by the PD1 and 
measured by an electrical spectrum analyzer (ESA, 
Rhode&Schwarz FSUP). It clearly indicates that the pulse train 
is reduced in the repetition rate with good extinction ratio. 

The experimental results of the recirculated pulse trains 
after wavelength-to-time mapping measured at PD2 are 
summarized in Fig. 3. Figure 3(a) shows the overall output, 
providing the expansion of the pulse duration and change of the 
pulse amplitude after each recirculation in the programmable 
dispersion loop. As illustrated in Fig. 3(b), the time delay of the 
dispersion loop is ~186 ns, corresponding to a loop length of 

37.2 m. The LCFBG in the dispersion loop has a dispersion 
coefficient of -366 ps/nm and an optical bandwidth of 4 nm 
centering at 1545.2 nm. Assuming recirculating 30 round trips, 
the signal with an equivalent dispersion of 10980 ps/nm is 
achieved. The TOF is set to have a bandwidth of 2.8 nm to 
partially eliminate the influence of the irregular spectrum of the 
LCFBG and EDFA. Figure 3(c) shows that the optical pulse 
has a temporal duration of 28.4 ns, which is in good agreement 
with the nominal prediction of 30.7 ns. The temporal duration 
is close to the repetition period of the MLL (~37 ns). 
Moreover, thanks to the reduction of the repetition rate by 1024 
times [see Fig. 2(c)], our scheme can extend the pulse duration 
beyond the repletion period of the MLL, the pulse duration 
becomes 47.6 ns after 50 trips. It is worth noting that the 
amplitude of the optical pulse starts decreasing due to the 
excess loss and irregular dispersion in the loop although the 
temporal trace is similar with that after 30 trips [see in Fig. 
3(c)] and remains the envelop of the LCFBG’s spectrum based 
on the wavelength-to-time mapping. 
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Fig.  2. Measurement results of the MLL, FPGA synchronization 
signal, and dispersed pulse trains. (a) Temporal traces of the 
FPGA synchronization signal and the MLL pulse train. The inset 
denotes the magnified view of the MLL pulse train. (b) The 
electric spectrum of the MLL pulse train. (c) The electric 
spectrum of the pulse train after the SWITCH1. 



IV. CONCLUSION 
We have demonstrated a new scheme to extend the duration 

of the dispersed pulse train based on magneto-optic switches 
and multiple-time use of a dispersive loop, which leads to a 
dispersion multiplication of 50 times. This scheme may find 
potential applications in microwave photonic generation and 
reception in radar systems. The achievable dispersion can be 
further increased by adapting a dispersion element with a larger 
dispersion coefficient, optimizing the response spectrum of the 
dispersion element, and flatting the EDFA gain. 
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Fig.  3. Experimental results of the pulse trains after recirculated 
wavelength-to-time mapping. (a) Overall output at PD2. (b) The 
time delay of the dispersion loop. (c) After 30 round trips and 
after 50 round trips. 


