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Switchable down-, up- and dual-chirp linearly frequency
modulated signal generation utilizing a dual-polarization
dual-parallel Mach-Zehnder modulator
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Abstract: A photonic method to generate switchable down-, up- and dual-chirp linearly
frequency-modulated (LFM) signals is proposed. Such signals with a carrier frequency of 5 GHz

and a chirp rate of 1 GHz/4us are experimentally demonstrated.
OCIS codes: (060.5625) Radio frequency photonics; (070.1170) Analog optical signal processing.

1. Introduction

Linearly frequency-modulated (LFM) waveforms have been widely used in modern radar systems to increase
detection range and range resolution, due to their pulse compression capability [1]. Conventionally, LFM signals are
implemented by using electrical methods. However, the center frequency and instantaneous bandwidth are limited,
due to electrical bottleneck. Compared with electrical methods, photonic ones have attracted great attentions, due to
their intrinsic advantages in term of compact size, light weight, low insertion loss, large bandwidth and immunity to
electromagnetic interference (EMI) [2, 3]. In the past few years, a series of photonic methods have been proposed to
generate single chirp or dual-chirp LFM signal, including frequency-to-time mapping [4, 5] and optical
heterodyning [6-8]. However, for multi-functional radar systems, switchable single chirp and dual-chirp LFM
signals are needed to meet different application requirements. Consequently, a single photonic scheme that can
generate switchable single chirp and dual-chirp LFM signals is of great importance.

In this paper, we proposed and experimentally demonstrated a photonic method to generate switchable
down-chirp, up-chirp, and dual-chirp LFM signals, which consist of a laser diode (LD), a dual-polarization
dual-parallel Mach-Zehnder modulator (DP-DPMZM) and a photodetector (PD). A radio frequency (RF) signal and
a baseband single chirp LFM signal are directly applied to two RF ports of the x-polarization MZM of the
DP-DPMZM, while the phase shifted RF signal and LFM signal are applied to the other two RF ports of the
y-polarization MZM of the DP-DPMZM. By controlling the phase shifts, different formats (down-chirp, up-chirp
and dual-chirp) LFM signals can be obtained.

2. Principle
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Fig.1. (a) Schematic diagram of the proposed approach for down-chirp, up-chirp and dual-chirp signal generation, LD, laser diode;
PC, polarization controller; DP-DPMZM, dual-polarization dual-parallel Mach-Zehnder modulator; RF, radio frequency; LFM,
linear frequency-modulated; X-Pol, X-polarization; Y-Pol, Y-polarization; PR, polarization rotator; PD, photodetector. (b) Progress
of multi-formats LFM signal generation.

Fig. 1 shows the schematic diagram of the proposed approach. A light wave from a laser diode (LD) is sent into a
DP-DPMZM via a polarization controller (PC). The DP-DPMZM is an integrated device which consists of four
MZMs, a 90° polarization rotator (PR) and a polarization beam combiner (PBC). The PC is used to minimize the
polarization-dependent loss (PDL). A RF signal is equally divided into two parts: one part is directly applied to
MZM1; the other part is applied to MZM3, after introducing a phase shiftp . A LFM signal is also equally divided
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into two parts: one is directly applied to MZM2, the other part is phase shifted @ and then applied to MZM4. The
four MZMs are all biased at the minimum transmission point. Under small signal modulation, the optical field at the
output of DP-DPMZM can be expressed as
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where E and @, are the amplitude and angular frequency of optical carrier; J, is the nth-order Bessel function of the
first kind; m is the modulation index of the modulator; @, is the angular frequency of the RF signal; @, is the initial

angular frequency of the LFM signal; K is the sweeping rate (Hz/s). The orthogonally polarized optical signals are
sent to a photodetector (PD), and the output electrical signal can be expressed as
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The first term and third term are direct current and higher-order signal which can be filtered out by using an

electrical filter. The second term is the generated LFM signal and can be further simplified as
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It can be obtained that when 6 =¢ :%, a down-chirp signal is generated; when 6’=% and go=37”, an up-chirp
signal is obtained; when #=¢=0 a dual-chirp signal is obtained, which is shown in Fig. 1(b).

3. Experimental results

To verify the proposed scheme, an experimental setup is built as shown in Fig. 1(a). A light signal from a narrow
linewidth laser (PS-TNL, TeraXion) with the center wavelength of 1550.17 nm is sent to a DP-DPMZM (Fujitsu,
FTM7977) via a PC. Two RF signals with the same carrier frequency of 5-GHz and two baseband LFM signals with
the same sweeping rate of 1GHz/4us are generated by using a four-channel arbitrary waveform generator (AWG,
M8195A). The modulated optical signals are detected by a PD (Agilent 11982A) with a 3-dB bandwidth of 15 GHz.
The detected electrical signals are captured by using a digital storage oscilloscope (Keysight, DSOZ634A) with the
bandwidth of 65 GHz and the sampling rate of 160 GSa/s.

Fig. 2(al) and Fig. 2(a2) show the input temporal waveforms of the channel 1, 3 and channel 2, 4 for the
down-chirp LFM signal generation. The waveform of the channel 3 is delayed 90° to the one of the channel 1 and
the channel 4 is delayed 90° to the one of the channel 2. Fig. 2(a3) shows the instantaneous frequency-time diagram
of the generated down-chirp LFM signal. It can be seen that a down-chirp LFM signal with a carrier frequency of 5
GHz and a sweeping rate of 1 GHz/4us is observed. Fig. 2(bl) and Fig. 2(b2) show the input temporal waveforms of
the channel 1, 3 and channel 2, 4 for the up-chirp LFM signal generation. The waveform of the channel 3 is delayed
90° to the one of the channel 1 and the channel 4 is advanced 90° to the one of the channel 2. Fig. 2(b3) shows the
instantaneous frequency-time diagram of the generated up-chirp LFM signal. It can be seen that an up-chirp LFM
signal with a carrier frequency of 5 GHz and a sweeping rate of 1 GHz/4us is observed. Meanwhile, Fig. 2(c1) and
Fig. 2(c2) show the input temporal waveforms of the channel 1, 3 and channel 2, 4 for the dual-chirp LFM signal
generation. The waveform of the channel 3 is same to the one of the channel 1 and the channel 4 is same to the one
of the channel 2. Fig. 2(c3) shows the instantaneous frequency-time diagram of the generated dual-chirp LFM signal.
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It can be seen that a dual-chirp LFM signal with a carrier frequency of 5 GHz and a sweeping rate of 1 GHz/4us is

obtained. The experimental results agree well with above theoretical analysis.

Fig. 2.
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Input temporal waveforms of (al) channel 1 and 3, and (a2) channel 2 and 4 for down-chirp LFM signal
generation, (a3) the instantaneous frequency-time diagram of the generated down-chirp LFM signal; input temporal
waveforms of (b1) channel 1 and 3, and (b2) channel 2 and 4 for up-chirp LFM signal generation, (b3) the instantaneous
frequency-time diagram of the generated up-chirp LFM signal; input temporal waveforms of (c1) channel 1 and 3, and (c2)
channel 2 and 4 for dual-chirp LFM signal generation, (c3) the instantaneous frequency-time diagram of the generated
dual-chirp LFM signal.

4. Conclusion

In this paper, we proposed and experimentally demonstrated a photonic method to generate switchable
down-chirp, up-chirp, and dual-chirp LFM signal. The proposed method has a compact structure, which may be

used in modern multi-functional radar system.

4. References

[1] M. L. Skolnik, Radar handbook (McGraw-Hill, 2008).

[2] J. Capmany and D. Novak, Nat. Photon., 1(6), 319-330(2007).
[3]7.P. Yao, J. Lightw. Technol., 27(3), 314-335(2009).

[4] A. Rashidinejad and A. M. Weiner, J. Ligthw. Technol., 32(20), 3383-3393(2014).
[5]7. Ye, et al., Opt. Lett., 35(15), 2606-2608(2010).
[6] H. L. Ynoquio, et al., In 2019 Optical Fiber Communications Conference and Exhibition (OFC), 1-3(2019).
[7] H. L. Ynoquio, et al., J. Lightw. Technol., 36(19), 4408-4415(2018).
[9] S. Zhu, et al., Opt. Lett., 43(11), 2466-2469(2018).



