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Abstract: We have proposed and verified a microwave photonic waveform generation scheme, 

which has the advantage of flexible reconfiguration in pulse repetition rate and pulse waveform.   
OCIS codes: (250.4110) Modulators; (260.2030) Dispersion; (320.5550) Pulses 

In recent years, microwave photonic waveform generation has been widely investigated for its large bandwidth, 

immunity to electromagnetic interference and low loss. Many solutions to generate microwave photonic waveforms 

based on electro-optic modulators have been reported [1-2]. Among these solutions, some researchers use dual-

polarization quadrature phase-shift keying (DP-QPSK) modulator to generate triangular and square waveforms with 

repetition rate of 3 GHz and 7 GHz [1].;Same waveforms can also be generated by exploiting the polarization 

dependent modulation of Mach-Zehnder Modulator (MZM) [2]. It is noted that there are still some weaknesses that 

need to be improved. For example, these solutions either rely on a complicated modulator (e.g., DP-QPSK 

modulator) or are sensitive to polarization perturbation which increases system cost and complexity. In this work, 

we propose a microwave waveform generation method based on time-domain synthesis. By manipulating the 

amplitude and time delay among the laser sources with different wavelengths, highly reconfigurable microwave 

photonic waveforms can be generated with tunability in pulse repetition rate and waveform. 

Fig. 1 (a) Principle of waveform generation based on the pulse superimposition in time domain. A&TDC: amplitude and time delay 

control. (b) Experimental setup. P&WC: power and wavelength control. 

The principle is shown in Fig. 1(a). Four laser sources with different wavelength are modulated by modulators to 

generate Nyquist pulses. Then the amplitude and time delay of these pulses are tuned so that their envelopes can 

combine together to form various shapes, e.g., rectangular, triangular, and sawtooth. The experimental setup is 

shown in Fig. 1(b). Four continues wave (CW) laser sources with tunable power and wavelength are combined by a 

wavelength division multiplexer (WDM). Then the output of WDM is injected to two cascaded MZMs. Previous 

work has proved that two cascaded MZMs can generate a flat optical frequency comb (OFC) with 9 comb lines and 

Nyquist pulses in time domain [3]. With the same mechanism, we apply f and 3f microwave frequencies to the two 

MZMs respectively to generate Nyquist pulses at four wavelengths simultaneously with a repetition rate of f. The 

generated Nyquist pulses at four wavelengths overlap in time domain. Then a dispersion compensation fiber (DCF) 

with a net dispersion of 20.11 ps/nm near 1550 nm is utilized to separate Nyquist pulses due to the wavelength 

dependent delay. The dispersion of DCF is fixed so the time delay can be adjusted by tuning the wavelengths of four 

lasers. Therefore, by adjusting the output power and wavelengths of four lasers, the amplitude and time delay of the 

Nyquist pulses at 4 wavelengths can be programmed and a reconfigurable summed waveform can be generated. 
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Fig. 2 Experimental results. (a) and (b) 5-GHz square waveform. (c) and (d) 5-GHz sawtooth waveform. (e) and (f) 5-GHz reversed sawtooth 

waveform. (g) and (h) 3-GHz sawtooth waveform. (i), (j) and (k) 5-GHz triangular waveform. (l) 3-GHz triangular waveform. 

The experimental demonstrations are summarized in Fig. 2. We first demonstrate waveform generation with a 

repetition rate of 5 GHz. Two phase-locked microwave frequencies of 5 GHz and 15 GHz are applied to the MZMs 

respectively. The obtained Nyquist pulses have a pulse width of 19.6 ps. To generate square waveform, the powers 

of the laser sources are set the same and the wavelengths are set at 1548.80 nm, 1549.50 nm, 1550.20 nm, and 

1550.90 nm respectively. The DCF induced delay between two adjacent wavelengths is ~14.1 ps. The obtained 

optical spectrum and time-domain trace of the square wave is shown in Fig. 2(a) and 2(b). The power of four 

wavelengths are slightly different to compensate the wavelength dependent loss in the system. To prove the 

flexibility of our proposed scheme, the sawtooth waves are also demonstrated both with normal and reversed shapes, 

as shown in Fig. 2(c)-2(f). The adjacent wavelength interval is set at 1.2 nm, corresponding to a delay of ~24.1 ps. 

The tunability of the repetition rate is also demonstrated. As shown in Fig. 2(g) and 2(h), a sawtooth waveform with 

a repetition rate of 3 GHz is achieved and the corresponding modulation frequencies on the MZMs are 3 GHz and 9 

GHz. The wavelength interval is also increased to ~2.0 nm accordingly. If a triangular waveform is required, an 

even simpler design can be adopted. As shown in Fig. 2(i) and 2(j), only two wavelengths (1550.0 nm and 1552.0 

nm) and one MZM are enough to generate a high-quality triangular wave. The corresponding electrical spectrum 

after photodetection is shown in Fig. 2(k). It can be clearly seen that the second harmonic frequency at 10 GHz is 

well suppressed and the power ratio between first and third harmonic frequencies is 18.3 dB. The tunability of 

repetition rate is also verified by generating a 3-GHz triangular waveform, as shown in Fig. 2(l). 

In summary, we have proposed a scheme to generate microwave waveforms based on multi-wavelength control 

and verified its flexibility of reconfiguration in repetition rate and waveform. This scheme provides a solution for 

arbitrary waveform generation at high frequencies and benefits the microwave photonic applications. 
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