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Amplification Characteristics of 19-Core EDFA
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KA ROEDFAOBEEMZ & VG52 T v ik
MC-EDFA #Ri% L C&722,

LY FCEET A2 7 v FEh72 7EDFA, RO
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R TOBEBIRNRM ENEBIT LY,

MC-EDF (Erbium Doped Fiber) ® a2 7% #1424 2 & T,
UToOHM»PS 7 5y FRY TONRy =R L2 HFETX
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G 27 XVINESL b BERL, BEOEWIZIZEALH
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WAL D /NS RbnbTHb, LoT, arhizhor
Ty RRYTONT =13, WL7 Ty RRY TN —HEDK
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AFTld, 192 7EDFO a7 &7 ) ofafiti /87 — & F)
BIEROEDF BRIKFEEZME L, C/NY FBIUL/N Y RER
WHEY RS 2RO D, RIZ, 7Ty FihE192 7 EDFADC

*OBFSERIEARTE  AHHGEAR - oAV —BFSET

INY FELNY FIZBUT 2 MIEHEZ HES 20 wiZIZ, 55
NIBEIRRE R 2 T v FIEDET7 27 EDFA D Zh & BT 5o

2. FERHE

®112192 7 EDF & 72 7EDF Wil z 5329, 77
A INOBEE % BRI 2 M52 L 727203 o TW R was,
77 A NOBBIIEIE G L, F 7V Ty Mgk
R L72. 193 7B X072 7EDF O o 7 EEE, [[F—
D385 um TH b, 19a7EDF £ 7a7EDF D2 5 v FiElE,
FN2N200 um & 135 um TH %, 1977 EDF @ 1530 nm |2
BUOA2a7oWPBREBLE—F 71—V FRIE, 737
EDF® 11 dB/m$B £ 1762 pm & 1FIZFE L TH 52V, [[6—D
25y RRYTNRT—FFEDOTTIX, 192 7EDFOITH2D
DTy RRY T8 =%, #5737 EDF O &
D09 dBHI S s L REL HN 52, 2E%s, 1937 EDF
DTy FHEMEIZ7a 7EDFOHREIC LR TH22ME (=34
dB) T, a7HIIZ271% (=19/7=43 dB) TH L /20, AT dH
2V Dr Ty FRY T8 =309 dBIHAT 5205 TH 52,

200 um
135 um

38.5 ym

(b) Cross section of
the 7core-EDF

(a) Cross section of
the 19core-EDF

1 #HEEZERELLY TV S5y F1I92TEDF(a) £ 47
V2 F v R72a7 EDF (b) O 52 9
Cross-section pictures of (a) a double cladding 19-core
EDF and (b) a double cladding 7-core EDF2-4. Low
refractive index coatings are removed.
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Experimental setup for L-band 19-core EDFA
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X2 277 v FEhi£19 27 EDFA Ok, FBF X4 7HIEICHVy, SMF /G 7 oflEIC 72,
Configurations of a cladding-pumped 19-core EDFA. FBF's are used for all core measurement. SMF's are

used for center core measurement.
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I 7HEICH Wz, &I THEICBWT, Ao 7 714
(FBF : Fiber Bundled FAN in/out) & K> 72 234 F O D
19 27 MCF (Multi-Core Fiber) &, WJJHloR 7A M) v
8= L FBF & O & @k Lz, hba7illE T, Ky
TaAUNAFOANPMCEFE RS T A MY v 3= Il
MCFOH.LaT %, BEICLVEEDY Y 7 VE—-FT7 74
/N (SMF : Single Mode Fiber) & ##5i L720 %8B, LNV FD
HWIEHEICB VT, ANHMFBFANORNED 7 7 4 3D 1R
ARG H o720 LLARDS, 192 T7EDFO£19a 7T %
7Ty RRY TS 28I MEITEW S, K)o
183 7 ORI A HIE L7z #2370 AHT)
R— M EBEEDOSMFIZIX, TNENT AV L —% ZHD) AT
HlEde & L CigE S 972,

193 7EDF®D 2 5y FIZRVFE— KRV T2 AT 5
72O, A FEATIRY Ta v g Fr v, F A FEEE
BAR Y738, FOfFABRIIE, VT E— FR Y T
LT032dB & 145/h&v, 1937 EDF OREIZH LR Y TR
MU wS—=IE, 7Ty FNEEIET 2R xRz L, BE
ANDTNVFE— PRV THROEMZE i <.

R THEE LT, 1927 EDFOWRILY — 7 1I2xE5d 5 9%
F976 nm O~V FE— FRA LT A LVFE—FL —H—
A4 F—F (MM LD) &7z,

192 7EDFOMH THWSENTWS 19T 7 MCFO a2 7 [
PEEEIE, 0.1 um R0z T19a 7 EDF £ [/ L TdH %, MCF
DAy NFTEFEIZH 1450 nm T, C/NY FRLANY FONE
BRI LTy ZVE—FTHY, MIFEEZ IS S,

FBF Oii#BiE, o IS LTSt % - 55 dBIC#pl L 72,
FBFoa7H 7 a A b—2 (XT:Cross Talk) i, #ED a7
MOXTHBKENWT, -47 dBTH Y, dIMIOED 2 7D
XTI, -33dBTH -7z
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P2 L7z,
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LClllsE L7z ek a 7B EDFA & FEEIC, 1927
EDF ROzt RIfS Baf i3 mk B o RIERA~BE L
720 CNY FAENIZL N Y FEEIRICRE 2 EDFRIX, 212
N8mes0mTHBEI LN bholz, E512, 192 7EDFE
A8 mOBE DR AFIEE, EDFENS mOBE L h b#6
dB /h&8WZ EPSTRE NI,
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X3 #HHED19aT7EDFEICBITS, F.La 7 OFEARS
Mo 0 dBm CH—EEDETLEZEERTI L CHlE
l/ f:o
Gain spectra of the center core for several 19-core
EDF length measured by sweeping wavelength of
single channel with power of 0 dBm.
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EDFA &£ 192 7 EDFA OIS —TH 523, 1937 &
737 EDFAO&FHENEO#E, EDFES m&50 mizh
WTENZFN 1dBE2dABThH o720 7Ty RV T8 —%
EAFMLTH->TH, 192 7EDFIZ7a7EDF LY &, HHi
FYVEWVWEDFEIZBWT, BV T %2R L7 20k
FIE, a7 ELLVIFZEMC-EDFD Y v REY 787 —%)
BREHNT &2 RIEBT S,
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X4 HEHDO19aT7EDFEIIBITA, HuibaT7oitidizs
77— (HH) . MR E 7 59 EIC#R%E L 720 dBm
THEEOEFIEE AT LME L. A—D27 5 v K
Ry TR —EIZBITA, T2T7TEDFA L1927
EDFA o#H Iy —% Znen[JLOTRTI~Y,
19-core EDF length dependence of total output power
for 0 dBm input single channel signal located at
maximum gain wavelength (closed circles). Open
squares and open circles are total output power of the
cladding-pumped 7-core and 19-core EDFASs,
respectively, under the same cladding pump power
density condition? ~ 4.
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EDF Efkfith. ADEHIx 8 ED WDME5 LT
7877 —i%-5dBm (a) £ 0 dBm (b)
19-core EDF length dependence of gain and NF
spectra for the center core of the 19-core EDFA. Input
signal is 8-WDM with total power of -5 dBm (a) and 0

dBm (b).
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R6 1927 EDFADH.LI T OMITI/T —OFATIN
7 — A, ATIE T IE 8RO WDME 5.
Total input power dependence of total output power
for the center core of the 19-core EDFA. Input signal
is 8 WDM signals.
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B4, K5 (b) AVRT & 9126 m @ EDF EOFGIIRIE i
FHTH D05, H6IRT X9 EDFE#G m D E O
$3787 —12131 dBm & MG v AT 2B T B 123/ ST
Eloo 779 FRVTNRT—ZEINSEL &, BHTINT =
WL, FEEREMOMETE L %5 2 & TR FRMED T E T
Do LPL, ZIUIEEHZZ T v RRY TN =K E B &
a0, FHOBE,MOHEHATE v,

X712, EDFENS m®» 2~ v Nphiel19a 7 EDFA®D% 1
T OMEENF AR MV ERT, ATIEFIE8kED WDM
55T, #ATI/$T —13-5 dBm TH 5 . F/MIIH1£191 dB T,
FANF 68 dBTH o7z, FlfFE NFO I 7HETENZEN
10 dBE 11 dBTH o7z I T H720) OFHHIIT—11161
dBm T > 72,

EDFE8 m®» 27 7 v Fih#e7 2 7 EDFA @ C/N > FIIESF
WD 212H %0 CNY FOMIFIZBWT, i EDFRIE
7aT7EDF&19a7EDFIZFEILThHo7e MLZ Ty FRY
TN —HEEOT T, #/37—-5 dBm T8 KEDWDMAF
FIEDAINIZF LT, 7a7EDFADHLI TIEFE /8T —
15.6 dBm TH/IMIE 180 dABTH 5. 09 dB DM EIZ LY,
192 7EDF2S7Ta7EDF LY b2 Ty KRV T

W EAHIE S, 192 7 EDFA & 727 EDFA D187 —
D05 dBIE, BRI OfElc—3T %,
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K7 EDFEM8m®1937 EDFA D% 37 OFEE NF A
R7 Mo ATIHIEHE/XT —75-5 dBm T8I ED
WDM {5 5o
Gain and NF spectra of each core in the 19-core EDFA
for EDF length of 8m. Input signal is 8-WDM signals
with total power of -5 dBm

VT I TR A OFECH B 3 T XT 2 KD &
HINVZIE L7z 51550 nm I N2 1551 nm DEFGE%E, i
n, EIRL-a 7N OITIIANT S, 7Ty RV
THNT = EFENNT — 1 ZENEN40 dBmE 0 dBm & L
7o ATMXTIX, BIRLAITICBIT L2005 0H)
N =l 5157, 8%, C/Nv FTEMET A2 T v Fihie
192 7EDFAO AT XT THb, 2T, Fulay, ful
a7 EWYHT6a T, BLXU6ea 7 2y T 120D it
WMoariy, #hehar®Fsl, 27, BLUO&19ET 4, O
THXT DR AMEIZ-407 ABTH - 72, wbIMlloa 7HIXT
NEY)REREER L
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192 7EDFE#50 m& LT, L)XV FTEMET A2 5 K
Jih#219 2 7 EDFA OFH & NF 2 #ll5E L7z ATMESJEICiE
#/X7— 75 dBm Tk R#HPAA1575.1 nm A5 16049 nm D6
WEOWDMES A FAv7z, K9 (a) 1, 192 7EDFDOAT]

TIZBWT332 W(452 dBm) D27 5 v FERY 787 — % Hw
L&%%%f%%o::f,aﬁyFﬁyfﬂv~u
MM-LD DX T — LRy 7 a3, FOfE AHEZ HWT
B L2 M) 128D 7 Ty RRY TS —8EIL, X
FR2OLNY K275y P27 3 7 EDFA L [A—TH b, w/h
%, mAwRAFIEOZE BLOa7HEAEEZIL Then
157 dB, 22dB, BXU12dBTH -7z, 1580 nm & ) EiiE
DOHPFIZBWT, NF& I 7HENF#ZIZZNLZE158 dBL09
dBTH -7,

K9 (b) iX, 192 7EDF® A JJ FH 12 B\ T228 W (436
dBm) ® 27 F v RRY 737 =285 193 7 EDFA DR K
BLORNDOFUEANRY NVTH D7 Ty RRY TINT =13,
737 EDFA L[ Ui R8T =250 X 9 15kE L7227,
FEIZ127 ABULETH - 720 NFIL1580 nm & Y EilED#
PHC57 dBKMTd > 720

WIS, I THXT2H%E L7 HE1590 nmilt N2 1591
nm@ﬁvj‘c’i’, NN, FERLza 7T 7ICA
N L7z 27y RRYTIWNT = LE508T—1F, #heEh
40 dBm &0 dBmTH b, R10IZLNY FCTEET 51937
EDFAD a7 XTTH b, WENDXTIE-302 dBTH -7
RHIMIDOTT7THXTHARELHILL T D, 2B, @EFITN
AADATEXTHEGELY, a7HXT2%LE8ETW5
FELBERNPRY T AN FTHo72Z xR L TV D,
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Core arrangement

X8 CNNYFTEAET L7 Ty Fih#2192 7 EDFA® 2 7 XT
Core-to-core XT of the cladding pumped C-band 19-core EDFA.
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7Ty FRYTNT—=H3332 W (a) & 228 W (b) DFi&

D192 7 EDFA OFllf5 & NF A2 b )L

Gain and NF spectra of the 19-core EDFA measured with

cladding pump power of 33.2 W (a) and of 22.8 W (b).

DT7TITEDFALF—D2Z 5y RRY TNy —BETHI9T
TEDFADZ 5 v FRY 787 =503, 09 dB O&M%hE
12, 18 dBOH /87 —8ina AbeC, 27 dBIEL7/zE W
25

¥/, L2727 EDFA L—om ks —%2152
WAEDI9aTEDFAD AT HIZY D7 Ty KRV 737 =1,
737 EDFADZFND56% (-25 dB) & K& LBl H 2 2 &
D5 .

7. BbHYIC

7 v FEh#e19 2 7 EDFA O¥IEHFEEMEL, 79 v F
Jih#e7 27 EDFAOZFN LT 5 2 LT, a 78EimatEs
BRI OB N Z I SIS L7,

LI 7 OFRART MV EKSHTINT -0 193 7 EDF &
RIFMEE, RO & ZEIRIEL 720 1937 EDF EOBHI AW,
PR R I0ER O I THHEEDFA RBIC R ED» S Bk E
BT A I L, WS, FRHEJINT —1X193 7 EDF EOR
PS> THANL, 50 m @ EDF £ & 72 0 CHRIFEIR % 7~
Zk ThHh.
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Core-to-core
crosstalk [dB]

K10 L3> FCEIET A2 5 v FEhi2192 7 EDFA @ a2 7 XT
Core-to-core XT of the cladding pumped L-band 19-core EDFA.

Core arrangement

F£1 LAY FCTEMET A2 Ty O EDFAIZEBITZ 27 T v RRY 78T — LT —
Cladding pump power and output powers for cladding pumped L-band EDFAs.
Cladding pump | Cladding Pump | Cladding pump Averaged Maximum Minimum
power power density | power/core | output power | output power | output power Notes
W (dBm) mW/um?2 W/core dBm/core dBm dBm
7-core 151
2)
EDFA (418) 1.05 2.16 22.7 233 21.1 Reference
19-core 332 105 1.75 245 249 24.0 The same pump power
EDFA (45.2) ’ (=216 x 0.80) (=22.7+1.8) (core 15) (core 1) density with the reference
19-core 228 073 1.20 Not measured 233 222 The same maximum output
EDFA (436) ’ (=216 x 0.56) (core 15) (core 1) power with the reference
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IR L B2 5y FRY THER EORETH b,

LNy FTHfET %27 9 v Fih#19 2 7 EDFA O B I
ZME L7 192 7EDF I, L Ny FHINEICHBE 250 m &
L7zo #/37— 75 dBm T6#ED WDMAE 56D A5
%, M, NF, BXticardzyvolmlig, 29y KRy
TN —H3332 WORE, Zh2E157 dB, 58 dB, 245 dBm
Tholze ZOWIIIST =L, F—D2 Ty FRY T8 —%
EDT7Ta7EDFAOHIITHA227 dBm LD 518 dBAKE W,
ITEIEINAED 7 Ty RRY TRHROMIN, FBTHRIE L
HEhET2T dABTH o7z — 5T, RT3 7a7
EDFADFNER—IC%D 2 Ty FEY T 787 —13228 WT
Hotze ATXBIZYVD T Ty KRV T/ —1373 7 EDFAD
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