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Fig.l Time-stretch principle diagram. (a) Time-frequency mapping
relationship of fs pulse; (b) Time-frequency mapping relationship

of time-stretched pulse
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Fig.2 Frequency gating schematic diagram. (a) Time-stretched ns pulse;
(b) Spectral scan achieved after time domain gating; (c) Gas
absorption line; (d) Gas absorption spectra scanned by dispersion

gate technique
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Rb: Rubidium clock; AWG: Arbitrary waveform generator; PG: Pulsed
generator; FSL: Femtosecond lasers; DCF: Dispersion compensation
fiber; EDFA: Erbium-doped fiber amplifier; EOM: Electro-optic
modulator; PD: Photodetector; OSC: Oscilloscope
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Fig.3 Optical path diagram of dispersion gate experiment
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Tab.1 Manufacturers, models, and parameters of different instruments used in research experiments

Instrument Manufacture Model Important parameters
FSL MenloSystems FSER/0402 Center wavelength 1 560+20 nm
Filter FINISAR WaveShaper 1000A Bandwidth 10 GHz-5 THz
DCF Accelink DCM-F-C-60-LC/UPC-57 Dispersion —986.2 ps/nm
EDFA Amonics AEDFA-PA-35-B-FA Gain 30 dBm
AWG Tektronix AFG3102C Sampling rate 1 GSa/s
PG Alnair Labs EPG-210M-0030-S-P-T-N Pulse range 30-230 ps
Gas Cell Wavelength HCN-13-100 Length 45 cm
EOM Photline MXER-LN-20 Modulation bandwidth 20 GHz
Rb Microsemi 8040C Output 10 MHz
PD Aphalas UPD-15-IR2-FC Bandwidth 25 GHz
OSC Agilent MY52460105 Sampling rate 20 GSa/s
OSA YOKOGAWA AQ6370D Range 600-1700 nm
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Fig.4 Single and multiple time-domain and frequency-domain pulse g‘
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signals. (a) A single ps pulse in the time domain; (b) A single ps

pulse in the frequency domain; (c) Picosecond pulse delay

SR AR B, e AR AR AR, RAELR W
Kl 6(a) B o 1l TSR AR AR AR 5 J2 IR Sk o,
1A A SR fk o 54 S B RS S B SO G B A AR
W P 6(a) RN 5B SRR IR 454, 56 28 4
Jok ot i3k 2L Jk i 4 AL A MR A, AR, IXRRBRGRA
(7] F2E P A QRN ) 431 4 ) B D bk 22k HON AR

25 35 4.5

accumulation in the time domain after oscilloscope selection; (d) . 50 [
Picosecond pulse delay accumulation in the frequency domain % 40 r
. z 30
after spectrometer selection 2 I AN
RN . N N 193.54 19356 19358 193.60  193.62
Waveshape %60 48 JEAR AT A0 2R, 44 S 28 1 8 R i Frequency/THz

EZZRMBIY . St U, WK 5 Fi7R, 15t e 75

193.60

193.58

Frequency/THz

AR
i
G
2.0 2.5 3.0 3.5 4.0 4.5 5.0
Time/ns

193.56

SR
X :;~3;ssssssiéé..ﬁ§;\}§§:ﬁ?'?§i{'\

5 I 7 AR R

Fig.5 Schematic diagram of time-frequency mapping equation
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Fig.6 Time domain dispersion gated pulse result graph. (a) Time-

domain scanning signal after passing through the gas cavity; (b)

Frequency-domain signal after time-frequency conversion, the

black line is the spectrum by spectrometer of HCN gas; (c)

Residual error between the inverted HCN spectrum and the HCN

spectrum by spectrometer after time-frequency conversion
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Time dispersion gated spectrum analysis technology

JIN Zhiyuan', ZHANG Zhen'*", XIA Haiyun'?, HU Jiadong', YU Saifen'?, CHEN Yixiang', XIA Qiuwei'

(1. School of Atmospheric Physics, Nanjing University of Information Science & Technology, Nanjing 210044, China;
2. National Center of Carbon Metrology (Fujian), Nanping 353011, China)

Abstract:

Objective Modern spectroscopic analysis technology has developed into a discipline that studies the absorption,
emission or scattering spectra of substances, and has played a key role in many fields. In the field of spectroscopy,
spectral scanning is performed by adjusting slits in spectroscopic instruments, but there are problems such as
wavelength drift and frequency instability caused by mechanical movement. The stability of mechanical
movement and the performance of spectroscopic elements gradually limit the development of spectrometers. In
the field of gas detection, with the development of laser technology, gas detection lidar based on optical frequency
comb locking can achieve high-resolution remote sensing of various gas spectra. The optical frequency comb
reference locking scheme has the advantages of high stability and wide tuning range, but it also faces the
problems of complex system and long tuning process. In summary, whether it is adjusting the slit or the laser

cavity, the current spectrum analysis technology operates and detects the spectrum in the optical frequency.

Methods This paper proposes a spectral analysis technology based on time dispersion gating to achieve fast and
high-resolution spectral analysis without locking. First, a large amount of dispersion is introduced through time
stretching technology to stretch femtosecond laser pulses to nanosecond pulses, and achieve one-to-one mapping
between spectrum and time. Secondly, picosecond pulses are used in the time to modulate the time stretched ns
pulses to achieve selective passage of light frequency, similar to the role of slits in spatial dispersion
spectrometers. Finally, spectrum scanning is achieved by adjusting the delay of the ps pulse. Since the ps pulse is
generated by electronic devices and loaded into the modulator, the ps pulse width and delay are controlled by the
electrical signal generator. Its one-to-one corresponding spectral resolution and scanning speed can break through
the limits of traditional spectral analysis technology, without mechanical scanning making this spectral analysis

technology inherently frequency stable.

Results and Discussions Through the time dispersion gating experiment, it can be obtained that the spectral
signal and time signal of the gas-free absorption line composed of ps pulses under different delays (Fig.4). The
time and frequency information of the time pulse vertex and the corresponding frequency spectrum vertex are
obtained, the coordinates of (time, frequency) form and fitting is performed to obtain the time-frequency mapping
equation (Fig.5). The experimentally obtained ps pulse time signals containing gas absorption lines at different
delays can be mapped through the above time-frequency mapping equation to obtain the corresponding spectral
data. The error of the spectral data obtained by time-frequency mapping inversion is compared with the actual
spectrum (Fig.6). The standard deviation of the available error is only 0.006 5. Only one of the 51 points collected
is not within the ideal range, and the maximum deviation ratio is only 1.54%. The probability of up to 98% proves
that the spectral inversion results are consistent with the actual results. This shows that the HCN gas absorption
spectrum retrieved from this experiment is in good agreement with the measured data, and further proves that

high-speed, lock-free spectral scanning can be achieved in the time.
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Conclusions This paper proposes a spectral analysis technology based on time- dispersion gating to achieve a
lock-free, fast, high-resolution spectral analysis method in the time, and experimentally verifies its feasibility in
the field of gas spectrum remote sensing. This paper designed a time- dispersion gating experiment and calculated
the time-frequency mapping equation. Through the time-frequency mapping equation, it can be concluded that the
spectral resolution under this method is 6.2 GHz and the spectral scanning interval is 1.5 GHz. Based on this
mapping relationship, the time data passing through the gas cavity can be collected to invert the optical frequency
data to achieve spectral analysis. The spectrum analysis experiment based on time- dispersion gating adopts an
all-fiber system design scheme, which has a streamlined and stable structure. In order to expand the practical
application of this method, the team will build a system with shorter modulation pulse width and faster scanning
speed in the future, and amplify the gated pulses and emit them into the atmosphere for remote sensing of

atmospheric gas spectra.
Key words: spectroscopy;  time-stretch;  frequency gating;  frequency scanning

Funding projects: National Key Research and Development Program of China (2022YFF0606400); National
Natural Science Foundation of China (42305147); Natural Science Foundation of Jiangsu
Basic Research Program (BK20230428)

20240150-9



	0 引　言
	1 原理及实验设计
	1.1 时域拉伸原理
	1.2 频率选通和光谱扫描原理
	1.3 实验系统

	2 实验结果及分析
	2.1 时频映射方程计算
	2.2 基于时域选通信号探测的气体吸收光谱

	3 结　论
	参考文献

