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Multicore Fiber for Large Capacity Transmission

M. Koshiba, K. Saitoh, Y. Sasaki, Y.Amma, K. Takenaga, and S.Matsuo
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As a key technology significantly increasing the capacity of optical transmission, space-division multiplexing
using multicore fibers has been attracting worldwide interest. Hexagonal close-packed structure has been widely
used for multicore fibers as it allows high core package density; however there are other critical requirements
that need to be satisfied (e.g., low crosstalk). In this paper, we first highlight issues with the hexagonal close-
packed structure. We then review our two proposals -- two-pitch layout and one-ring layout - to overcome these
issues. Our 12-core fiber with one-ring layout contributed to the world’s first demonstration of transmission capac-

ity exceeding 1 Pb/s per fiber.

1.8 2 » %

A5 =3y bOERZEoPITELT, HRDM®E
NS 74y 20 10 SET 100 f5 &) BRI RB VT
BRERTCTEZ, BRRERPAY— M7+ Y ORI
R, BRENT 74 v 7 IZ5BOMRERT S EHT
MaENns, K774 NBEYATLIE, IH5O@EE N
STA4 I DNy I R=VThb., RlBEOEEERIZ
TDM, WDM, F¥ ¥ Lav—L v baEDOFEMIZLD
WRZEZHT, BEMICERKLAZBFE NI 74 v 722
T&72. LaL, 774 NCBATRRE ST —AD
OBRRZZENS, BAEDOKT 748 1 RY4720) Of5%
A3 100 Th/sBEDVRRTH L L bR TwaY,
COEREBFREOREZIT LWL DO EEHM & LT,
INFAT T 7 ANRHE—FT7 74 N EHW-%%
ERSHEREEINATYS., ETIEILVLFIT T 74N
M5 LT 1 Pb/s (1000 Th/s) %#MWA HHEREHE
BLEREBRIREINRTBY, Z2MEEEMORT
VYR UHEIFENDDH B,

AfgTid, YHIRELHHM SO~V FaT 77

FEVRFEANIBER Y F v ) Ty — K

FEISE R EE TR NACTE B R AR 2 BE i R SR s
K7 7 A NBARWIEE

W7 7 A NEARWIZEERE R Wt (T%)

=~ W N =

ANEZOWTHINT S, 9, ZELEHMOMES &
PO ZNETORYHAILCOWTHNLI-DE, <
NFaAT 77 ANCER S THRASINTW S XN FRER
EICNET 2EZRT. TREZMRIT D 7201FK A4 H
FZRL-ZMY y FRE LY Y 7REORE, FEEIC
DWTHHT 5.

2 ZEHSERMELGHTORYEHA

M1 ICHEEHRY Y VE—F7 74 NOBRM %2R
T. @BEHIYYIVE—-FT7 7480, EE 125 um
DY Iy FHIZ, BEE I umBEEDOIT 122 HT 5.

5w K
a7

125 um

K1 BEHYYZVE—F7 74 5OWHE
Fig. 1. Schematic cross section of a conventional single-
mode fiber.



2013 Vol. 2 7 v

N

O# 551257

55 - BFIAEEUA b
B&5E - EFIAEE IETUEREC

TDM Time Division Multiplexing

FYYI - & Digital Coherent

J0O0X =7

Crosstalk

MFD Mode Field Diameter

At Effective Core Area

FEREF BhER Spectral Efficiency

WDM Wavelength Division Multiplexing

PDM Polarization Division Multiplexing

QAM Quadrature Amplitude Modulation

# oA

RREIDEIZE.
BHOERLDESICHEEZRITTLEIT DA
LERBZIKT DHFRDU ED.

BEDEIZE.
BHOERLEDREDHESZEAFICOEDmETI
GEREZINKT DFFRDU ED.

Je—L Y MREREESERET YY) MESLEZRBL
T, AERBERICRET DO THZMIET DIl
T, 774 \DEEFEZRELELIEDIED
TED.

NILFAFTITr7ANCBFS IO M—=oF, T7
NOIFPNDHDRETHD. BRITET DRI,
BEEND ./ A ABKRICKDTERESLOERE S
DDT, TEBDRIFNESLITDHIEDEFULL.

ETE—RT1—ILRE
T7 AP ZECHT DHDERDTMDILN D ZRYT
BIEDUED. ERBRFHIDIERE 155,

TR 77 HEAS.

T7AIRZGHRT DHOBRDMODILEND ZRT
FBREOUED. TEUVTHHRRIRKDEC DT
ZRI EECAVSNS.

RBDEIZE.

DV I)E—RT 7 A N\ZEHRT DIlE, mKEIT
END2DODIREHFAZERD. TNZNDRKICIE
WEHTCLRSEDIET, 2BEDFEEITED.

ERAMARRIBER.

IRIEZ & AHRE R Z A GBS EERD—D.
32 QAMTIZF, BSX 1Y VRILEHIED B bitDIr
EDEREE TS D.

BUBLOCENEHEOFREERDTENT
EDHDIEED—,

AT7NEERTHE—FIZ 12 (2F), YUy VE
—F) THH72D, X774 NNHNOEFEEHKIE 1 2
ZThY, 77y FNTRESERICH > TwaEl4&
i, WEREILTHT S 0.5 BEETH L. EHHLEH
&k, o7 7 A NNWITE TR E 2 EER ¢, 2H
ELDEMTERTEIHL L ERMNTH L. EMEE
Phix ERT 5 7-0D0E®BIEAKE LT, ~VFaT7 77
ANEBE=F T 7ANDPREINTVS, I VFaT
Tr7ANZE, BEOYVINVE—FT77A4NZ1F 1o
L2kwaTiar 7y FNICEERIESET7 74N T
Hb. ENEFNOIATIIRLRZNETEERIELIL
T, 774N 1 KDY Ok asdEr a7 oK
RFIENTESL. T, HE—F7741NF, 1 20
IT7THNICEBDE— FABMEWMT R 7 7 A N ThHDB. £
NZENOE—-FILHOREFEHREL LT, E— F&H
DIEEREBILRPWEIC RS, 2F), ~VFaT7 77
ANTRERDOITE, BE—FT7 7 A NTIIHEHOE
—FNE2ZEhZFEERE LTHEHTAZ LT, Bro%
WL EELFZHL TS,

bhvbhiI ML ESEMOWREEICERL, BE—F
T7AN, RVFIAT T 74 NNORFITDOWTHREZ

HTW5E, BHE—F7 74 NIBWTIE, BIFRSAi%
BEALT A LI, BV TE— FLEMEEIR
W7 7 ANDKEHTRETHLIEZWSMIILEY.
INVFAT T 7 ANIBWTUE, EXSEFHLOERN &
%A A M= OWHNCER LY #MAEZITV, K
2L ML UFHEELEITINMTAZET, O
TEaTOMBEERELLETICZ B A b= WA
bz krRLEY.

X2 L rFHEsE
Fig. 2. Schematic profile of trench structure.



KERBIGEHNVF AT TN

3. AAREREBEYINFIAT7 I 74 /\OEE

AHREREIIHRO 27 %255 B ELERD
CEDNHRARETHY, SV FIAT T A NDREE
LTid—HHTHL. FiZ, 774 1DHFLI—D2D
a7 (pLa7), ThERYEE LS 6 >oa7 (4
Ma7) ZIEAABOTHEE LICELAZK 3(@) L)k
7aA7DOINFATT AL, INF TICEEERE S
NTx72797 $72, 6 204l 7D 5IHMIIC
12 HOa72EREZEI1I2ED, M 3(b) 0kH7% 19
A7 77 ANSERTETHSL. LrL, ZoOREZH
W VFaAT T 7 ANTIE, UTFCHHATS 320
MED D 5.

3.1 FLaA70Hy AT HREORERIE

PLYFHEEE, ZO0A =2 0WHlBL 7O
BEREICEITHS. LrLi2S, M rFiEx
BTAAT7TEANHRERELZVFIT T 74NIB
W, a7 HEEESEEIOEETSE, LI TOR
v M 7 REESERMICERET 2SR A oh Y,
THEHLI T RERTA2HEKE— S, Mla7o b
LYFHEEICLDELITHEADLN TV L TH S
EEZOLNE. Hy MF7REEFBEHEHERET LD D
Bl enl, MEWTOY V7 VE— FERDIRIET X
HBABRVIFE LRV, —BWICIEZ7 e R =27 0L
Aa7 LIRS 2ENTHL2S, PL U FEEE
BT A%EE, oy M 7EEORERLA T 7
ZHIRT BN LLE60D 5.

3. 2 AT7HERROEEM

RS VF AT 77 ANDIEREBEEEZRRT S
B, RoN7z27Fy FEIZEVZL a7 2INET 5
ZEkDLENSL. LAL, £37 TOREREERD
72DiCiE, 7 v R b—27 OoWHlB X RN RHHE I AR
oML, ML UFEEEACEEATH, Bk aT
M7 a2 b—r o RERZT. /2, Ma7

(@ (b)

E3 ATBREREZHWIVFIT 774N
(@ 7a7774% (b) 1927774,
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Table 2. Measurement results of the fabricated 12-core

fiber.

a7 RifEE (um) 36.8
T. (um) 39.3

7 7 AN (um) 225.0
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