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is less affected by low-frequency 1/f noise. The concept of coherent linewidth
osed in this article can serve as a candidate method for directly characte-
zing the coherence of narrow linewidth lasers.
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1. Introduction

Laser coherence plays an important role in laser precision measurement tech-
nology, such as coherent optical communication [1] [2], light detection and
ranging (LiDAR) [3] [4], fiber sensing [5] [6] [7], and so on. In the LiDAR sys-
tem and optical fiber communication system, the laser coherence affects its de-
tection range [8] [9] [10]. Laser linewidth is also used as one of the manifesta-

tions of laser coherence. And the laser linewidth is also an important parameter
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to characterize the operating mechanism of laser. Within the laser cavity, ran-
dom and cumulative perturbations of the laser frequency occur due to energy
coupling between the stimulated emission and spontaneous radiation, forming
the laser intrinsic linewidth [11] [12]. For the practical applications in laser pre-
cision measurement, the laser linewidth reflects the time-domain coherence of
the laser, which is also closely related to the phase noise and frequency noise.
Therefore, it is very important to measurement the linewidth of lasers. Current

linewidth measurement methods of narrow-linewidth lasers are mainly carried

directly reflect the laser coherence.
1dth from the cohe-

the increase of delay

In this work, we propose the conc

periment, a commercial laser is tested, and the measured

coherend@lineyidth is compared with the integrated linewidth of the long-delayed

elf-heterodyne detection method and frequency noise method with S-separation
The measured coherence linewidth is smaller than the traditional integrated
lingwidth, indicating that the coherence linewidth is less affected by the low-
frequency 1/f noise. The concept of coherence linewidth proposed in this work is
a candidate method of laser coherence characterization, which especially pro-
vides a useful tool for the parameter evaluation of narrow linewidth laser in the

field of laser precision measurement.

2. Partial Coherent Envelope Demodulation Theory

There have been many researches on the coherent envelope [17] [18] [19], and
the measured coherent spectrum obtained by delayed self-heterodyne interfero-

meter (DSHI) can be expressed as [17]

S(f,Af)=5,5,+5,, (1)
P? Af
S1 = 0 2 2 (2)
A AF24+(f - 1))
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S, =1 exp( 277, Af ){cos[Z;zrd(f )+ Af Si”(z”f i (: - fl))]], 3)
—h

33:”2'30 exp(~27z, (f = 1,))(f - 1,), @)

where fis the measurement frequency, Afis the laser linewidth, 7, is the mixed
laser power, £ is the frequency shift of the acousto-optic modulator (AOM) and
the center frequency of the coherent envelope, 74 (7a = mL/c, L is the length of
delayed fiber, n is the refractive index of the fiber and c is thesspeed of light in

can be approximately expressed as

Therefore, the power spectrum S ¢

The interference contr
the factor eXp(—Zﬂrd Af )

4 1s increased, the coherence coefficient will

nsthe value of the coherence coefficient is reduced

e DSHI spectrum, but has no significant effect on the coherent envelope.
Thus, in the high frequency band of (£— £) >> Af the S function tends to be
slowly varying, which is denoted by the shaded parts in Figure 1(a). The Fourier
transform of the &) in these shaded parts is a low frequency baseband signal, as
shown in Figure 1(b). In the meantime,

S, =1—exp(—277,Af )COS(ZIZ'Z'd (f- fl)) is composed of a constant and a non-
baseband signal with 7y as the center frequency, when fis considered as the in-
dependent variable. The Fourier transform of S, is shown in Figure 1(d). The
Fourier domain frequency has the same dimension as the delay time, so we de-
fine its Fourier transform horizontal axis as the delay parameter 7. Since S'is the
product of S and S, their Fourier spectra satisfy the convolution relationship,
ie, F(S)=F(S,)*F(S,), where Fis the Fourier transform operator. When
the chosen shaded parts are wide enough, the Fourier transform peaks of S, are

approximately A functions with different peak values, so the Fourier transform
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Power Spectrum Spectrum of Shaded Parts
b1

Delay parameter ©

parameter T

tion, forming the Fourier
peak intensity of the base

d signal is denoted by £, and sideband peak inten-
sity at the delay. i

parameter oted by L. So we can express the cohe-

the coherent envelope of the laser, as shown in Figure 2.
es through the AOM with 100 MHz frequency shift, and the other

The commercial laser under test has a nominal linewidth of kHz order
(LXNLM-1550-L03-FA). The coherence envelope is measured with a series of
different delay lengths, as shown in Figure 3(a). Figure 3(b) shows the Fourier
spectrum of the partial coherence envelope. The coherence coefficients are then
obtained by the partial envelope demodulation method, as shown in Figure 3(c).
When the delay length is very short, the envelope is mostly submerged in the
noise floor of the ESA and PD, resulting in a small coherence coefficient, as
shown in Figure 3(a). As the delay length increases, the envelope gradually ap-
pears obvious, and the coherence coefficient gradually recovers to be close to 1,
under the condition that the delay length is smaller than the coherence length.
With further increase of the delay length, the coherence coefficient decreases
gradually, and the coherence linewidth at the coherence coefficient of 1/e is

2.985 kHz. As a comparison, the long-delayed self-heterodyne interferometry

DOI: 10.4236/0pj.2023.136011
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(DSHI) method is utilized to measure the integrated linewidth. With 50-km de-
lay fiber, the integrated linewidth obtained by Lorentz fitting is 18.031 kHz/2 =
9.016 kHz, as shown in Figure 3(d). The frequency noise of the laser is also
measured, and we can obtain the integrated linewidth to be 2871.05 Hz*/Hz x nt
= 9.020 kHz based on the S-separation line, as shown in Figure 3(e). From the
frequency noise floor, the intrinsic linewidth can be obtained as 34.54 Hz*/Hz x
7 = 108.5 Hz. The integrated linewidth measured by the DSHI and S-separation
line is consistent. The measured coherence linewidth is smaller than the inte-
grated linewidths but larger than the intrinsic linewidth

quency noise floor, indicating that the coherence linewid

low-frequency 1/fnoise.

My

/a3
Laser C,

ESA

Figure 2. Experimental setupgbof the delayed self-h
the coherent envelope. C: and
detector; ESA: electrical spec

odyne interferometer to measure

Ca: couplers; AOM:“acousto-optic modulator; PD: photo

analyzer.
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Figure 3. Experimental results of the kHz-level linewidth laser. (a) Coherent envelope spectra with different delay lengths. (b)
Fourier transform spectra of the partial coherent envelope with different delay lengths. (c) Coherence coefficient under different
delay length. (d) Integrated linewidth measurement with the DSHI method. (e) Integrated linewidth measurement with the fre-
quency noise and S-separation line.
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4. Conclusion

In summary, we propose the concept of coherence linewidth from the coherent
envelope in delayed self-heterodyne detection. The coherence linewidth can be
obtained when the coherence coefficient degenerates to 1/e. Using the coherence
linewidth, we can get the coherence of the laser. In the proof-of-concept experi-
ment, the measured coherence linewidth of kHz orders is smaller than the tradi-
tional integrated linewidth by the long-delayed self-heterodyne detection me-
thod and frequency noise method with S-separation line, indicating that the co-
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