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Fig. 1 Refractive index profile schematics of several non-zero dispersion shifted fibers. (a) Triangle core + ring;

(b) pedestal core; (c¢) dual-ring
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Fig. 2 Schematic of different refractive index profiles
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Table 1 Waveguide structural parameter of different fibers
Sample Profile type R,/pm An, /% R,/pm A,/ % R, /pm Any/ %
1 1 2.3 0.59 5.2 0.05 8.2 0.17
2 Il 2.3 0. 54 5.3 0. 05 8.3 0.16
3 I 2.3 0.53 5.7 0. 04 8.6 0.15
4 IV 2.3 0.52 5.6 0.04 8.2 0.14

Notes:R, ., R,, and R, represent radius of 1st, 2nd, 3th core layers, respectively; An,, An,, and An; represent refractive

index difference (RID) of 1st, 2nd, and 3th core layers. respectively.
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Table 2 Fiber parameters based on different refractive index profiles

0(1530/

Sample Profile type MFD /pum A /pm”® A./nm

1 1 8.90 62.2 1406 0.219
2 I 9.31 68.0 1211 0.197
3 I 9.92 77.2 1222 0.194
4 v 9.62 72.0 1217 0.195

a5/ D55/ (pse D 565/ (pse D 55/ (pse
-1 -1 -1 -1 -1 -1 -1 -1 A/nm
(dB*km ') (dB*km ') nm '*km ') nm '+*km ') nm '+km ')
0. 220 3.41 6.46 11.51 1438
0. 210 1. 50 4,18 8. 74 1511
0.210 2.40 5. 44 10. 46 1503
0. 205 2.05 4. 84 9.57 1505

Notes: MFD represents mold field diameter; a,55, and a4 represent attenuation value at wavelengths of 1550 nm and 1625 nm,

respectively; D555 Diss5» and D45 represent dispersion at wavelengths of 1530, 1565, and 1625 nm, respectively.

2306004-4



R’

£ 49% £ 23 H1/2022 £ 12 A/ EEE

B 4 FroR BYRE S 1 B9 4T SR a0 A T 0 T B A
% 2 AT, B T TS # N S  MED AU 8. 90 pm, [A] B
1550 nm I KA 1 5 k(v 75 GA 2 T 0. 219 dB/km)
A /N CHR 62,2 pm®), #RE WK AL i & L
1406 nm), & @ B¥ K A, IR m oA kK, 1530 ~
1625 nm I B B (o 5UE ok .

FESL 2 AH AR 1 — 2D B AR T 5 — 00 2 AR X
ProF R An, A =N Z M XTI SR An, KT
THENEE R, R, ME=ZFENEE R, —R,.
MRS R BoR, BE S 2 B9 MFD # K E 9. 31 pm, A
K#) 68. 0 pm”, 1550 nm P K AL 0 W (EH T F 2
0.197 dB/km, 8k 1k ¥ K A, 4% £ 1211 nm, A W,
R AT 5 % 0] LABE KIEEF (19 MED Jf08 /N H 3 i .

FESD 3 ZEREND 2 AYSERE b — PR IE T3 — 082
BRI AT 3% A, FIERE =0 2 (AT 5 5 Any T AE
—ERRE LI T N EMEE R, —R, M 8
FEREEE R, —R, . WAL R B/ 5 3 1) MFD 35 3|
T 9.92 pm, A K8 77. 2 pm® , 1550 nm I AL A8 5 6
EREARE] 0. 194 dB/km, # 1R B K A, FEALE] 1222 nm,

FESh 4 TERESD 3 MR 1l M/ T3 — N2 1)
AT TSR Any AR =082 B AT T 5% An, TR
WNT = H)Z0EE R, —R,. MWK 4 K E,
H MFDiK#] T 9. 62 pm, A iK% 72.0 pm®,1550 nm
WA B 2 DA AE R TE 0,195 dB/km, 8RR K AL 5

0.7
sample 1
0.6 | —.—.-sample 2
————— sample 3

o5 F A sample 4
04
03
02

0.1

Refractive index difference /%

0—16 -12 -8 -4 0 4 8 12 16
Fiber radius /pum
P4 RERD 1~ 4 09 P75 R] E E
Fig. 4 Refractive index profile of samples 1—4

#I7E 1217 nm.,
4.2 XAREFEXIRFEEHERNI N

I An, . An, . Any 43R 0. 54% ., 0. 05%,
0.16 %1 5 AR HEAT R 22 03k, M 25 R & 3 pr
N. XFHRESY 1~5 ATLL R B BEE S22 (R, R, .
R, ZE /N MFD 2 W38 K, F AR K A, 22181
K.EOERR S, WEE LA, ma kK A LKL
1550 nm K FAYEE Dy M BAE a0, 2 878
VB SE -3 S S B ok i Wiy =9 O W L OES I (SR G
B iR R iR Y = SR o WA NS 2 2 N N
Er, T 45 MFD 34K, [A] B A3 8k d A, &
AERMAR L, E 5 TR,

3 BE PR OCEPERE Y 5

Table 3 Influence of core radius on optical fiber performance
Sample  Ry/pm  Ry/pm  Ry/pm  MED /pm  Ac/am (ps-nrﬁfflii{mﬂ) Ao/nm <ps.nmsf(;/-km*1> <d§-lgirq/*1>
1 2.25 5.71 8. 30 9.53 1201 3.37 1512 0.079 0.195
2 2.26 5.76 8. 36 9.51 1233 3.43 1511 0.078 0.196
3 2.28 5. 80 8.42 9.45 1260 3.955 1508 0.076 0.198
4 2.32 5.93 8.61 9.31 1298 3.90 1497 0.071 0. 206
) 2.37 6.09 8.85 9.13 1338 4,34 1483 0.065 0.208
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Fig. 6 Testing results of fiber prepared with outside vapor deposition technology. (a) Spectrum loss curve; (b) dispersion

curve; (c¢) macrobending loss (R=25 mm, 100 turns)
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Table 4 Parameters comparison between the fiber prepared with outside vapor deposition technology and other non-zero

dispersion shifted fibers

D /(ps*nm '+km ') a /(dBekm ')
Fiber Process
1530-1565 nm 1565-1625 nm 1310 nm 1383 nm 1550 nm 1625 nm
Our fiber OVD 1.5-6.0 4.0-11.2 0. 34 0.296 0.195 0.203
TrueWave LA MCVD 2.0-6.0 4.5-11.2 0.4 0.19 0.2
LEAF OVD 2.0-6.0 5.0-11.2 0.33 0.19 0.2
LAPOSH™ PCVD 2.0-6.0 4.5-11. 2 0.354 0.4 0.197 0.212
Fiber MFD@1550 nm/pm A @ii;o nm/ A,/nm S,/ (psenm *+km ") A./nm
Our fiber 9.640.1 72 1502 0.079 1200
TrueWave LA 9.6+0.4 72 1527.3 0.0767 < 1450
LEAF 9.6+0.4 72 1500 0.078 1150
LAPOSH"™ 9.6+0.5 72 1500 0.078 1530
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Design and Fabrication of Novel Large Effective Area Non-Zero
Dispersion-Shifted Optical Fiber Based on Outside Vapor Deposition
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' Shandong Futong Optelecom Science & Technology Co., Ltd., Jinan 250119, Shandong, China ;
* Chengdu Futong Optical Communication Technologies Co., Ltd., Chengdu 611731, Sichuan, China;
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Specialty Fiber Optics and Advanced Communication, Shanghai University, Shanghai 200444, China
Abstract
Objective Transmission networks are facing explosive growth in data traffic owing to the rapid developments in data

centers and cloud computing services. Optical networks with high speeds, large capacities, and high-cost performances

are now in urgent demand. Telecom operators and equipment manufacturers are actively promoting the application and

deployment of 400G technologies. To further develop and utilize the transmission capacity of a single fiber and approach

the limit of Shannon’s theorem, the next research direction of optical transmission is prioritizing further improvements in

the capacity of a single channel, compressing the transmission channel interval, and increasing the number of channels.

However, increasing the number of multiplexed channels leads to a serious nonlinear effect,
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proportional to the effective area of the fiber. Therefore, the transmission bandwidth and nonlinear effect of the fiber can
be improved and reduced, respectively, by increasing the effective area of the fiber. Consequently, the development of
next-generation G.655 and G. 656 fibers, particularly for broadband transmission DWDM systems, has important practical
application value.

Methods In this experiment, outside vapor deposition (OVD) was used to fabricate a non-zero dispersion-shifted fiber
(Fig. 3). According to the transmission principle of optical fibers, G.655 must increase the refractive index difference
(RID) of the 1st core layer An, to increase the waveguide dispersion and shift the zero dispersion wavelength to
1500 nm, but the increase in An, leads to a decrease in the fiber core radius. However, a core radius that is extremely
small results in an increase in the dispersion and nonlinear effects caused by high power density. Therefore, the profile
structure selected in this experiment is a triangular core and ring structure with a central depression (Fig. 2). First, by
decreasing the RID and gradually increasing the thickness of the 2nd/3rd core radii, the mold field diameter (MFD), zero-
dispersion wavelength, and other parameters of the optical fiber were measured and analyzed based on this structure
(Table 1). Second, in Table 3, by increasing the 1st core radius alone, the influences of the 1st core radius on the optical
fiber parameters were investigated.

Results and Discussions  This study investigates optical fibers’ optical properties, geometric parameters, and
dispersion performance by varying the refractive index profile structure and core radius (Fig. 4). The refractive index
profile structure can significantly affect the cutoff wavelength, effective area, and dispersion values. In the optimized
profile-type study, when the core radius of R,, R,, and R, are approximately 2.3, 5.6, and 8.2 pm and the RID of each
layer is 0.52%, 0.04%, and 0.14 %, respectively, the MFD can reach 9.6 pm, and the dispersion value ranges from
1.6 t09.5 ps/(nm-km) in the C+ L band. Furthermore, the results indicate that the core radius of the fiber has an
important influence on the MFD and zero-dispersion wavelength (Table 3). The decrease in the 1st core radius is proven
beneficial for enlarging the MFD, shortening the cutoff wavelength, extending the zero-dispersion wavelength, increasing
the zero-dispersion slope, and lowering the dispersion (Fig. 5). The spectral loss diagram, dispersion curve, and
macrobending loss diagram of the designed optical fibers were comprehensively evaluated (Fig. 6). The test results
indicate that the attenuation values are 0.296 dB/km, 0.195 dB/km, and 0.203 dB/km at 1383, 1550, and 1625 nm,
respectively, and the dispersion is within the standard of the G. 655. D fiber. The macrobending losses at 1550 and
1625 nm are lower than 0.027 dB and 0.045 dB, respectively, demonstrating a good bending resistance.

Conclusions In this study, a non-zero dispersion-shifted fiber with a triangular core and annular structure was designed
and fabricated using OVD. Based on this structure, the fiber exhibited a shorter cutoff wavelength, lower attenuation,
larger MFD, and lower dispersion at 1550 nm. The results show that the MFD is 72 pm”, and the dispersion value is
1.6-9.5 ps/(nm-km) in 1530-1625 nm. The attenuation at 1550, 1383, and 1625 nm excelled that of the ITU-T G.655.D
standard. Overall, the proposed profile structure realizes a translation of the zero-dispersion wavelength, low
macrobending loss, and large effective area, which is suitable for DWDM applications in the C+ L band. In long-distance
optical fiber communication, nonlinear effects, such as FWM and XPM, can be suppressed well, and the cost of dispersion
management can be reduced, which has important practical application value.

Key words fiber optics; outside vapor deposition technology; G. 655. D optical fiber; large effective area; non-zero
dispersion-shift; dense wavelength division multiplexing; optical fiber design and fabrication
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