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Abstract: The mode field diameter is an important parameter of single-mode fiber, and the GB.15972.45-2008
recommends using the far-field variable aperture method to measure it. This paper analyzes the distribution of the
propagating light field in a single-mode fiber. The mode behavior of the light field is the solution of the Helmholtz
equation, which in theory should satisfy the Bessel function. In this regard, a method using Bessel function to fit the
optical field distribution of the fiber based on the far-field variable aperture method is proposed, and the mode field
diameter is calculated from the fitted mode field distribution curve. Compared with the commonly used far-field var-
iable aperture method, when the measurement data is normal, this method has the same measurement accuracy.
When there are errors in the measurement data, this method can still ensure the stability and accuracy of the
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measurement results.
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Fig. 1 Mode field distribution of the measured data
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Fig. 2 Mode field distribution of Bessel function model
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Fig. 4 Principle diagram of remote field variable aperture measurement
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Table 1 Comparison of measurement results in two measurement methods at 1310 nm wavelength

G.652 HLEF G.655 HLAF
il
worm/um Waessel/[LM worm/Um Waessel/LLM
1 9.210 9.208 7.780 7.794
2 9.220 9.221 7.790 7.806
3 9.190 9.192 7.770 7.804
4 9.210 9.209 7.810 7.819
5 9.200 9.204 7.800 7.808
FME 9.206 9.207 7.790 7.806
IEoN(TF 0.016 0.015 0.020 0.015

200308-5



Str THR, 2021, 48(4): 200308

https://doi.org/10.12086/0ee.2021.200308

VIR 5 s LA e X I A b e LR SE Bt AL A
PEaIE R B0 B R A TE 2 I EAR
A5 A P B 2 A

B G.652 YGLTFAE 1310 nm KR BRI A4 5 3 B
XA AT LU, i AR A 19 AL Ik
DIES i ¢iPSe S

H OFM YE2F 2250 {4521 i - 235 SR 4 ]
6()fi7R, M 19 FLADE R 52, AR
Sy eRECINE 6(b) i, UL AR 1 DU (6
9.765 um, AXFIRZE 6.02%, M HEWEERHE, AT
FHEGE, FEHE T E R

Xl —ZURAEE R, Bt ISR R A 4
WIE 6(c) s, SCENRR I B RS IR AT,
G M2 B 2 BdR sz EsN, mal G thdor i
T (7)HHEAR B HAR N 9.199 pm o FHXT R 2E
0.09%, JLFAZRE ST, BT E =R
GB.15972 e Y E S M AR IR ZE /N T 1% ARG
B3R,

BRI 2 e v R A (FLAR ) 1% 2 500 1 1

oL, PRI T, AR 2, Hrp
HEX O 22 A7 E 5 22 B B e 8 SR 5 1 S DL Y
T 25 S (B 25

FRAER 2 EdE , OFM SHLR AL S8 Jr i Al
BHIRAATERZER, TREX G.652 YLkt G.655
JEEF, AR AR 2 SR A R B i B LA AR
SC UL ZE IR eRELA 2 AT DA S A HEBR 15 25 8580 T+
Yo, TERFLAFAE RGO FARSR T LIST & 36 [ [ bx
GB.15972 HHAE MR 2E/INT 1% RS BESR , (il
AR 2 S A R AR 2 T A R

4 %

FEXTBOCLT RIBL EAR I, AR — Tk
TG AR fLAR D R, S5O e T
AL R o3 AT ) DL E IR BB, i LA B AL
BARERIRDCI RS, 13 BIIPRrR A B AL,
e i EARE GRS AR . Ses kM,
ARTTEAEIE T IR OO T B 5 bR (A 2 A
ERTE S — 20, miH, SIS ZER, AL

()

1.0 0.05 1.0 %
o Y Sl
08 e Sz 0.04 08 ¢ — L3R Jo Dl 12k
- : — SR ko 4hAr il 2k
“E( [e>] \
= 0.6 < 0.03 = 06 9
R 2 = )
ﬁ—go 4 % 0.02 504 G;
g 9
0.2 0.01 0.2 b
Q@ o,
0 0 0 L 00060u0mbmtit i o
0 01 02 03 04 05 0.6 0 01 02 03 04 05 06 0 01 02 03 04 05 06
55 Olrad sin® k554 irad

H6 FwiElTHEpARMNELERA,
(@) OFM ML KE A B; (b) o Fik a(0)sin20~sin@ X & B; (c) NERJHBAEG S AL LERA
Fig. 6 Measurement results of modulus field diameter under abnormal conditions. (a) Light intensity distribution of OFM tester;
(b) Graph of the integral function a(6)sin26 ~ sing; (c) Fitting results of Bessel function modulus field distribution

%2 £ 1310 nm kK T AR L LR F ik b n E 4 R ki
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G.652 Y4f
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Whessel 7.794 7.782/0.15% 7.763/0.40% 7.630/2.10%

200308-6



St THE, 2021, 48(4): 200308

https://doi.org/10.12086/0ee.2021.200308

M7 EEAT AT LAIK B AR ZOR ARG, 2R [ bR
GB.15972 H LAY 37y n] AR fLAR L ALY EAR 1Y
— B RIS o RIS AR5 ke g B L P
L5 LA T 0K & SR ZLAMARL, SEEL T
ITLLAMAPLA BRI e, ARARFERE L4 e 11X
EDT

S22 3Rk

(1]

[2]

[3]

[4]

[8]

[6]

[7]

(8]

[9]

[10]

Paul BK, Islam S, Sen S, et al. Low material loss and dispersion
flattened fiber for single mode THz-wave transmission applica-
tions[J]. Results Phys, 2018, 11: 638—-642.

Chen X, Himmelreich J E, Hurley J E, et al. Universal fiber for
short-distance optical communications[J]. J Lightw Technol,
2019, 37(2): 389-395.

Han J W, Zhang J. Elasto-optical correction of bend loss for
Ge-free fibers with large-effective-area and ultra-low-loss[J]. Opt
Fiber Technol, 2020, 54: 102120.

Ohashi M, Shibata N, Sato K. Mode field diameter measurement
conditions in single-mode fibres[J]. Electron Lett, 1989, 25(8):
493-495.

Hoo Y L, Jin W, Ju J, et al. Loss analysis of single-mode fi-
ber/photonic-crystal fiber splice[J]. Microw Opt Technol Lett,
2004, 40(5): 378-380.

Wang J J, He L, Gu L W, et al. Improvement of the influence of
fiber internal stress on the attenuation of low-loss single-mode
fiber[J]. Opt Fiber Electric Cable Their Appl, 2020(1): 31-32, 35.
EHI, TR, BRI, F. RH N E I AHRBA LR TR
R E] LA S R A AR, 2020(1): 31-32, 35.

Xu B B, Xi L X, Zhang X G, et al. Design and experimental
verification of dispersion measurement prototype[J]. Acta Opt
Sin, 2019, 39(2): 0206004.

SN, FmE, Rek,
KR, 2019, 39(2): 0206004
FARAAREREED XA REREAELER, TEERAFAELE
BER A AR T ENE § 45 o HireAst ik
#F 7 B AR AR A A AR GBIT 15972.45-2008[S]. it
TP EARE B AR, 2008.

General Administration of Quality Supervision, Inspection and
Quarantine of the People's Republic of China, Standardization
Administration of China. Specifications for optical fibre test
methods - part 45: measurement methods and test procedures

for transmission and optical characteristics - mode field diameter:

GB/T 15972.45-2008[S]. Beijing: China Standard Press, 2008.
Michtchenko A, Nava M F. Far field technique applied in single
mode optical fibers for studying of modal field diameter[C]//2006
3rd International Conference on Electrical and Electronics En-
gineering, 2006: 1-3.

Yang G B, Xu TF, Song Y L, et al. Two methods and devices for
quick measuring the mode-field radius of single-mode optical
fibers[J]. Opt Instrum, 2004, 26(3): 59-63.

. eH MRS IR RE].

(1]

[12]

[13]

[14]

(18]

[16]

(171

(18]

[19]

[20]

[21]

[22]

200308-7

W@k, g, REZ, & mdtbadnlF 2T F 1R
Fik B R[] AFAE, 2004, 26(3): 59-63.

Parker A J. Near field measurement of fiber mode field diame-
ters: effects of defocusing[J]. IEEE Trans Instrum Meas, 1995,
44(2): 458-460.

Ohashi M, Miyoshi Y, Kubota H, et al. Longitudinal fiber param-
eter measurements of multi-core fiber using OTDR[J] Opt Ex-
press, 2014, 22(24): 30137-30147.

Xiong T T, Dai W Y, Wang L P, et al. Application of
back-scattering method on the measurement of MFD of B6 op-
tical fiber[J]. Opt Fiber Electric Cable Their Appl, 2018(3): 11-13,
20.

feasdg, BoE—, TEF, F. RASQHAE B6 Ky
HAERGNEJ]. S A AR, 2018(3): 11-13, 20.
Nakamura A, Okamoto K, Koshikiya Y, et al. Effective mode field
diameter for LP11 mode and its measurement technique[J]. IEEE
Photonics Technol Lett, 2016, 28(22): 2553-2556.

Matsui T, Sakamoto T, Nakajima K. Effective mode-field diam-
eter measurement for few-mode fibers[C]//2017 25th Optical
Fiber Sensors Conference (OFS), 2017: 1-4.

Xu S J, Sun L B. Using two-way backscattering technology to
simulate the mode field diameter test of single-mode fiber[J].
Mod Transm, 2020(1): 70-73.

ER, MR AR E B G AR AR A AR B
MK[J]. IARAE 4, 2020(1): 70-73.

SECRI. OFM Optical Fiber Multi-Parameter Tester User Manu-
al[M]. Shanghai: Shanghai Cable Research Institute, 2013.
SECRI. OFM &4 % A%n8AR & FH[M]. L& B b g0t
7P, 2013.

Li Y M, Tu J K, Xiang H Z, et al. Measurement of optical fiber
geometry parameters by gray distribution fitting with Gaussian
function[J]. Opto-Electron Eng, 2020, 47(4): 190247.

F—vly, RN, A, F T RES A B S BEE R
TR AT A5[J]. e 142, 2020, 47(4): 190247,

Ou P. Advanced Optics Simulation (MATLAB Version)-Optical
Waveguide, Laser{M]. 2nd ed. Beijing: Beihang University Press,
2014: 129-134.

R SFAFZHAMATLAB M) HikF, M) 2 . b
HFTAE MR K F AL, 2014: 129-134.

Guo F Y, Li L H, Wang M H. Gaussian approximation for mode
field distribution of dielectric planar waveguide TEo mode[J].
Chin J Lasers, 2008, 35(2): 235-239.

AR, FENE, TRL AP @RS TE AL - 0 &0
U], F Bk, 2008, 35(2): 235-239.

Song X L, Li BB, Wang S Y, et al. A new measurement of light
intensity distribution with divergence[J]. Semicond Optoelectron,
2007, 28(4): 572-575.

KA, FER, LoE, F. —MWRUSHOLRIEA oA 093
k] FF4RkE, 2007, 28(4): 572-575.

Miyagi K, Namihira Y, Razzak S M A, et al. Measurements of
mode field diameter and effective area of photonic crystal fibers
by far-field scanning technique[J]. Opt Rev, 2010, 17(4):
388-392.



JEH TH#E, 2021, 48(4): 200308 https://doi.org/10.12086/0ee.2021.200308

Mode field diameter measurement of single mode
fiber using Bessel function fitting method
based on variable aperture in far field

Hu Yue?, Xiang Huazhong!?, Zhao Renyan?, Tu Jiankun?, Zheng Gang!*

'Interventional Medical Device Engineering Research Center,
University of Shanghai for Science and Technology, Shanghai 200093, China;
*Shanghai Cable Research Institute, Shanghai 200093, China

1.0 R’
Measured data |
—Bessel Jo fitting curvg ‘i

- 0.8 |—Bessel ko fitting curvg
- i
= | 4‘#
2 [
£ IS
z 0.4 %, %
2 54
— | {

0.2 s

o
0 kW o]
06 04 02 0 02 04 06

Half width angle 6/rad

g
o}

Fitting results of Bessel function modulus field distribution

Overview: As an important parameter of single-mode fiber, the mode field diameter is used to describe the mode field
distribution of the fundamental mode in the cross section of the single-mode fiber. The far field variable aperture
method is recommended in GB.15972.45-2008 for the measurement of mode field diameter. In the process of measure-
ment, the method is easily affected by the fact that the center of the fiber is not aligned with the center of the pervious
hole or the cutting effect of the fiber is not good, which will result in the decrease of measurement accuracy. The trans-
mission of light in a fiber is essentially the transmission of electromagnetic waves in a closed medium, and its solution
should satisfy Maxwell's equations, where the mode behavior of light field is the solution of the Helmholtz equation,
which theoretically should satisfy the Bessel function. Based on the far field variable aperture method, this paper pre-
sents a method to calculate the diameter of the optical field by fitting the distribution of the optical field of the fiber
through Bessel function. Main steps are as follows: the first step is to preprocess the optical power data obtained by the
far field variable aperture method. In the second step, two Bessel functions are used to fit the measured data respectively
to obtain the real mode field distribution curve. In the third step, the Bessel curve obtained by fitting is used to obtain
the mode field diameter through the Petermann (II) formula. Taking G.652 fiber as an example, under normal meas-
urement conditions, the measurement results of the standard instrument using the standard far-field variable aperture
method are 9.210 um and 9.208 pm. This shows that this method can achieve the same precision level as the standard
method. When the measurement conditions are abnormal (error data), an error data appears in the measurement data,
and the measurement results of the two methods are 9.765 um and 9.199 um, with the relative deviation of 6.02% and
0.09%. In two error data, the measurement results of the two methods are 10.042 pm and 9.152 um, with the relative
deviation of 9.03% and 0.62%. The subsequent results have been tested for many times, all of which show that the
measurement results of this method have good accuracy and stability. This method is a meaningful supplement to the
far field variable aperture method proposed in GB.15972.45-2008. At the same time, it replaces the expensive near-field
infrared camera by a single photodetector combined with a variable aperture, and it realizes the mode field acquisition

function of near-field infrared camera, which greatly improves the cost performance of the mode field diameter meas-
urement instrument.
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