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Abstract

Nanosecond pulses can be applied in various scenarios such as laser processing, LiDAR, and spectral
analysis. Nanosecond pulses generated by traditional methods (such as Q-switched lasers and chop-
pers) lack coherence and, due to limitations in grating technology, cannot be shaped into arbitrary
waveforms. This restricts the application of nanosecond pulses in scenarios that require precise
control. To address this, we propose a nanosecond pulse generation scheme based on double-side-
band modulation, implemented through a parallel Mach-Zehnder modulator. These nanosecond

SCESIF: W, AR — b T 0O R ) AR R AR T AN R A T D). B, 2025, 15(4): 271-
277.DOI: 10.12677/app.2025.154030


https://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2025.154030
https://doi.org/10.12677/app.2025.154030
https://www.hanspub.org/

e, FR

pulses are coherent and can have arbitrary waveforms. Our simulation results demonstrate coher-
ent nanosecond pulses with various waveforms.
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Figure 1. Schematic diagram
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Figure 2. Spectrum of square waves
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Figure 3. Double-sideband modulation diagram based on parallel MZM
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Figure 4. Bessel functions of the first kind
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Table 1. Modulation index Settings for each MZM
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Figure 5. Square wave spectrum obtained by 40-channel parallel MZM modulation
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Figure 6. Square wave pulse with period of 5 ns, 60 ns, 300 ns
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Table 2. The modulation index of each MZM when triangle pulse, half-wave cosine pulse and full-wave cosine pulse are

generated
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Figure 7. The spectrum and corresponding waveforms of 100 ns triangular pulse, half-wave cosine pulse and full-wave cosine
pulse

7.100 ns B = FRKH . R R T2 BIOP RN IR R L BRI LA K 3of LK A

DOI: 10.12677/app.2025.154030 276 I EEY/BEH


https://doi.org/10.12677/app.2025.154030

j%#%%’ %BE@I

ME 5~7 B, XA T IAT MZM XL A E 4 T AR, AERBIERI NP KR FPa1]. XL
ik e SR R AT AR AR, AL AT TR AR T e LA RBBMERE R 55—, XTELIE] 6 ATl
7(b) NTT ATt MZM HEIEZ , BOPMEG FARRE . (HREEIE R 2 SR L0 X i3 . (Rt
FE SRR A I S 12U S K 5 T o BEAR SO B AR o 35—, ki 2 18] B 1] R 5 HF AN 0.
R FIIE A TERE . FPARO L2 A 5 A B B 0 B DI R e B GE , B R E B
WIFESE RO AL B . £E 2 B DUSE R R B30 2 X B LU ok R RIS, K i 00 T 0 Bir DLZE /R
PR S RE 2 TR BATE LI 5G 2 o SRR 7(c), B 7(d) BB = ikt e i1 ¥ B A MR
FAOL, BRI A BATE K T 4005 L 915G R 20 B AT i, PR sz ik, A AT A (R A3 o [R] A
R AR S AR KT, PR A ATT R 8 2 fi 2 AT W XS A EE A5 5% AR

4. g

AR T @I MZM IR0 R A AT R T AR T g Bk b i 5. S5 34132
HAHERR, RAMGE T AN 5 ns, 60 ns, 300 ns FIFHTJ7 3 Bk b A 31 100 ns F 5 Bk, = £
BEWKIR, PRI, AR RBP4 A SRR BRI X B A [R] B B [FAE AR A 4y
BT, FEARR BRI . X7 IE AT DU AR B R R S A T R ik, HOX O R N
TP kb ARG R 3 (0 3 Se e it T — R T &

E&mE
ASCH v E E K A ARREIE S 2 30RF, WTH %504 61405168

SE

[1] Hendow, S.T. and Shakir, S.A. (2010) Structuring Materials with Nanosecond Laser Pulses. Optics Express, 18, Article
ID: 10188. https://doi.org/10.1364/0e.18.010188

[2] Abramov, E., Evzelman, M. and Peretz, M.M. (2020) Low-voltage Sub-Nanosecond Pulsed Current Driver IC for High-
Speed LIDAR Applications. IEEE Journal of Emerging and Selected Topics in Power Electronics, 8, 3001-3013.
https://doi.org/10.1109/jestpe.2019.2932143

[3] Deng, X., Chao, A., Feikes, J., Hoehl, A., Huang, W., Klein, R., ez al. (2021) Experimental Demonstration of the Mech-
anism of Steady-State Microbunching. Nature, 590, 576-579. https://doi.org/10.1038/s41586-021-03203-0

[4] Weiner, A.M. (2011) Ultrafast Optical Pulse Shaping: A Tutorial Review. Optics Communications, 284, 3669-3692.
https://doi.org/10.1016/j.optcom.2011.03.084

[S] Kawanishi, T., Sakamoto, T. and Izutsu, M. (2007) High-Speed Control of Lightwave Amplitude, Phase, and Frequency
by Use of Electrooptic Effect. IEEE Journal of Selected Topics in Quantum Electronics, 13, 79-91.
https://doi.org/10.1109/jstqe.2006.889044

[6] Izutsu, M., Shikama, S. and Sueta, T. (1981) Integrated Optical SSB Modulator/frequency Shifter. IEEE Journal of
Quantum Electronics, 17,2225-2227. https://doi.org/10.1109/jqe.1981.1070678

[71 Kawanishi, T. (2022) Electro-Optic Modulation for Photonic Networks. Springer International Publishing.

[81 Qing, T., Xue, M., Huang, M. and Pan, S. (2014) Measurement of Optical Magnitude Response Based on Double-Side-
band Modulation. Optics Letters, 39, 6174-6176. https://doi.org/10.1364/01.39.006174

[91 Sakamoto, T. and Chiba, A. (2017) Multiple-Frequency-Spaced Flat Optical Comb Generation Using a Multiple-Parallel
Phase Modulator. Optics Letters, 42, 4462-4465. https://doi.org/10.1364/01.42.004462

[10] Kawanishi, T. (2011) Parallel Mach-Zehnder Modulators for Quadrature Amplitude Modulation. /EICE Electronics Ex-
press, 8, 1678-1688. https://doi.org/10.1587/elex.8.1678

DOI: 10.12677/app.2025.154030 277 I EEY/BEH


https://doi.org/10.12677/app.2025.154030
https://doi.org/10.1364/oe.18.010188
https://doi.org/10.1109/jestpe.2019.2932143
https://doi.org/10.1038/s41586-021-03203-0
https://doi.org/10.1016/j.optcom.2011.03.084
https://doi.org/10.1109/jstqe.2006.889044
https://doi.org/10.1109/jqe.1981.1070678
https://doi.org/10.1364/ol.39.006174
https://doi.org/10.1364/ol.42.004462
https://doi.org/10.1587/elex.8.1678

	一种基于双边带调制的任意波形相干纳秒脉冲生成方案
	摘  要
	关键词
	An Arbitrary Waveform Coherent Nanosecond Pulse Generation Scheme Based on Double-Sideband Modulation
	Abstract
	Keywords
	1. 引言
	2. 任意波形相干纳秒脉冲生成的流程图与理论模型
	2.1. 方案流程图
	2.2. 理论模型

	3. 结果与讨论
	4. 结论
	基金项目
	参考文献

