(19) tH R FTH HEHES
EREHER

)FHFBAFHNICESVWTLRASh-ERHE

43) EIfF2ARAA

10 B HRES

2004 ££10 A28 H (28.10.2004) PCT WO 2004/092794 A1l
51) ERfFroE" G02B6/22 (72) %HAE; H& U
sl - . \ | = R—
1) EFRHESES: PCT/TP2004/005195 (75) RAZ/HBA (RESDNTDH): HR 8K

22) ERHER:
25) EERHED
(26) B ARDERE:

30) EEtET—4:
$5[F82003-107760
$5FE2003-199270
$5FE2004-018514

=:x

=X

2004 €4 B 12 H (12.04.2004)

A&
ES:

2003 ££4 A11 A (11.04.2003)
2003 47 A18 H (18.07.2003)
2004 ££1 H27 B (27.01.2004)

(71) HEA kEZBR<<2TORERICOLT): HXE

JP
JP
JP

(74)

# 7 <4 5 (FUJIIKURA LTD.) [JP/JP]; T 135-8512 &K
REIRR K51 THS5% 18 Tokyo (JP).

(MATSUO,Shoichiro) [JP/JP]; T285-8550 FE IR k&
MARE1440FHARUH IOV SERBER
A Chiba (JP). $E ¥ $8& (HIMENO,Kuniharu) [JP/JP];
T285-8550 FER B8 AIF 14 40FH #A
S IV SERBEEFAN Chiba JP). RHE H£—
(HARADA,Koichi) [JP/JP]; T285-8550 FER £&TH
AE1440BMBASH I I SEEEERNA
Chiba (JP). it B E % (IKEDA,Masataka) [JP/JP]; T
285-8550 FER LT AIF 1 4 4 0FM k&t
729 S5t BB EFTH Chiba (JP).

REAN: EE EX, 5 (SHIGA,Masatake et al.); T
104-8453 IR P RE NEMN2 TH 3% 15 Tokyo
{JP).

[RH]

(54) Title: OPTICAL FIBER

4 ZBAOEH: £7 714/

AN AT

A...REFRACTIVE INDEX

EiiE A
A
1
ny F/
Ay
No | 2 3 4
/J\ /L)ﬁf_)% M
N4 2 -
Ay
Ny ay
az =
agte
aj oo

(57) Abstract: An optical fiber has a core provided in the center, a first clad layer (2) on the periphery of the core (1), a second
¥ clad layer (3) on the periphery of the first clad layer (2), and a third clad layer (4) on the periphery of the second clad layer (3). The
< maximum refractive index of the core is greater than any of those of the first clad layer, the second clad layer, and the third clad

layer. The maximum refractive index of the second clad layer is smaller than any of those of the first clad layer and the third clad
&N layer. The value of ay/a; is between 2.5 and 4.5, both inclusive, with a; being the radius of the core and a, being the radius of the
& outer edge of the first clad layer. Further, a relative refractive index difference of the core, with the refractive index of the third clad
? as the standard, is between 0.20 and 0.70%, both inclusive.
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DIEX DEBEEF LTV, AXEWDMBERICERE S K, vEr gy
7 h75748 (NZ - DSF : Non - Zero Dispersion Shifted Fiber) 2318472
ST ORI HEBLECHoT=OIH L, AEHAOKT 7 A AT, 27 ORI
RO EEETHZ &, HEOWEP TR THLDT, HEHNEIAFTO
BYERTETHD EVIFEEFT D,

(FEHEH)

DT, BEHREREZR LU TERBROBREALICT D,



WO 2004/092794 PCT/JP2004/005195

13

3. DT ORBEIB L OERMICIITS [0y M 7R O 1TU
- T G. 650. Definitions and test methods for linear, deterministic
attributes of single - mode fiber and cable LT HHFETRES LS, YT
DOREEI LT OERAICBNT, by ATEREIE, FICHRLRWVERY 2m
TrARNDy VT ET,

(BRBRMI 1)

a7 1 OWEFTEZEA, : 0. 52 %,
175y FE2DHEITERZEA, : 0%,
oy Ty NESOWEITEEA; : —0. 2 0%,
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&1
YU A | A2 | As | ai a2 as / / v 2a2/MFD
No. | [9] | [%] | [%] | [yem]|[eemd|[pm]| 3|3/ [06 ym2] |at1550mm
i 0.65610.00] — [3.0419.12) — | 3.0 ] — — -
2 0.65)0.00(-0.30] 3.01]7.83}12.05| 2.6 | 4.0 25 2.1
3 0.6510.001{-0.3012.9918.97113.46] 3.0 | 4.5 30 2.4
4 0.65]0.00}-0.40({2.99|8.98|13.48| 3.0 | 4.5 40 2.4
5 0.60}0.00} — |3.18}9.53} — | 3.0 | — — -
6 0.60]0.00]-0.30|3.13}8.14(13.16| 2.6 | 4.2 32 2.1
7 0.6010.00}-0.30]3.12}9.35)14.03| 3.0 ) 4.5 33 2.4
8 0.60]0.00-0.40] 3.12|9.35{14.03| 3.0 | 4.5 44 2.4
9 0.5810.00] — ]4.85}14.55] — | 3.0 ] ~ — —
10 0.58 |-0.05|-0.30| 3.32 | 9.97 |{14.95| 3.0 | 4.5 37 2.6
11 0.58 ]-0.10]-0.30] 3.44 |10.31]15.47] 3.0 | 4.5 40 2.7
12 0.5210.00] — 13.43]10.30] — | 3.0 | — - -
13 0.52]0.00|-0.20] 3.35 |10.04|15.40| 3.0 | 4.6 27 2.4
14 0.52{0.00|-0.20{ 3.31 |13.23|18.53| 4.0 | 5.6 34 3.2
15 0.5210.00|-0.40} 3.36 |10.08]15.45| 3.0 | 4.6 55 2.4
16 0.52]0.001-0.40{ 3.35 |10.06120.13| 3.0 | 6.0 122 2.4
17 0.5210.00 |-0.40} 3.31 |13.25]18.55| 4.0 | 5.6 67 3.2
18 0.5210.00 |-0.40} 3.31 113.26{23.20| 4.0 | 7.0 145 3.2
19 0.5210.00 |-0.60] 3.36 110.08{13.78] 3.0 | 4.1 53 2.4
20 0.52 1 0.00 |-0.60] 3.32 |13.27(16.93] 4.0 | 5.1 66 3.2
21 0.45(0.00f — [3.72|11.15] — | 3.0 - — —
22 0.4510.00|-0.25| 3.6110.82{16.23] 3.0 | 4.5 37 2.4
23 0.45(0.00 |-0.35] 3.61 |10.83|16.25| 3.0 | 4.5 51 2.4
24 0.4510.00 |-0.40] 3.61 [10.84|21.68| 3.0 | 6.0 141 2.4
25 0.4510.00 |-0.40| 3.57 [14.27|24.98| 4.0 | 7.0 168 3.2
26 0.4510.00 |-0.60{ 3.62 |10.85]/19.90| 3.0 | 5.5 167 2.4
27 0.4510.00 |-0.60| 3.57 |14.28123.20| 4.0 | 6.5 201 3.2
28 0.3510.00] — (4.28/12.84] — | 3.0 | — — —
29 0.3510.001{-0.40{ 4.10 {12.31{16.42{ 3.0 | 4.0 47 2.4
30 0.3510.00-0.40(4.15(10.79{14.94| 2.6 | 3.6 64 2.2
31 0.35]10.00}-0.20]4.05116.19{28.33} 4.0 | 7.0 | 108 3.2
32 0.35[0.00|-0.40| 4.10 |12.31(24.63| 3.0 | 6.0 182 2.4
33 0.3510.00 |-0.25] 4.14 110.35|14.49]2.50 | 3.50 | 25. 71 2.06
34 0.35]0.00 |-0.25] 4.10 [12.29]16.38] 3.00 | 4.00 | 29.35 2.44
35 0.3210.00] — 14.51]13.54] — |3.00| — —_ —
36 0.3210.00 [-0.25{4.29 [12.86(17.15(3.00|4.00| 32.17 2. 44
37 0.3210.00 |-0.25| 4.29 |12.86(19.30| 3.00 | 4.50{ 51.71 2.44
38 0.25610.00f — [5.2115.63] — [3.00| — — —
39 0.25[0.00|-0.25| 4.86 {14.57(19.43| 3.00 | 4.00 | 41.27 2.44
40 0.25(0.00(-0.25|4.92 (12.29(17.21(2.50 | 3.50 | 36.27 2.07
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PAN
ol pob | A | WD | Ay | WD |mom| meen | 0%
'L |47 & [at1310nm|at1310nm|at1550nm|at1550nm| & | at1550nm at1550mm
Coum] | [em?l | [pm] | [pem?] | [pmd] | [omd | [ps/nm/km] [ps,/nn?/ kil
.25 34.2 6. 58 42 4 7.44 11359.4 11.9 0. 0564
.25 33.8 6. 55 41.6 7.37 |1353.7 13.2 0. 059
.25 33.7 6. b4 41.8 7.39 11361.3 12.3 0.058
.25 33.7 6. 54 41.8 7.39 [1360.0 12.5 0. 059
.25 37.2 6. 86 46. 1 7.75 |1350.6 12.8 0. 055
.25 36.7 6.82 45,2 7.68 [1348.3 13.7 0. 060
.25 36.6 6. 81 45 4 7.70 [1353.0 13.1 0. 059
.25 36.6 6. 81 45.3 7.69 [1352.2 13.2 0. 059
.25 38.5 6.98 47.7 7.89 |1347.2 13.1 0. 055
.25 37.8 6. 87 45.7 7.67 [1332.0 14.5 0.057
.25 32.8 6.82 44.8 7.55 (1318.6 15.86 0.056
.25 43.2 7.39 53.4 8.34 |1337.5 14.1 0.056
.25 42. 3 7.32 52.4 8.28 |(1341.5 14.1 0.059
.25 A1.9 7.30 52.4 8.29 1[1347.0 13.3 0.057
.25 42. 4 7. 33 52.4 8.27 11339.4 14.5 0. 060
.45 42.3 7.33 52.3 8.27 11339.7 14.4 0.060
.25 41.9 7.30 52. 4 8.20 )1346.6 13. 4 0. 057
.Bb 41.9 7. 31 52.5 8.29 1346.5 13.4 0. 057
.25 42 4 7.33 52.3 826 [1338.5 14.7 0. 061
.25 42.0 7. 31 52.5 8.29 |1345.9 13.5 0.058
.25 50.3 1.97 62.0 8.98 ([1326.5 15.2 0. 058
.25 48.9 7.88 60.6 8.90 [1330.8 15.3 0.060
.25 49.0 7.88 60.5 8.80 11329.9 15.4 0. 061
.51 49.0 7. 88 60. 6 8.89 [1329.5 15.5 0. 061
.60 48.6 7.86 60. 7 8.92 [1335.2 14.5 0. 058
.58 49.1 | 7.88 60. 5 8.88 [1328.6 15.7 0. 062
.62 48.6 7. 86 60. 7 8.92 [1335.1 14.6 0.059
.25 65.7 9.09 80.5 10.22 |1311.9 16.9 0. 059
.25 63.2 8.95 78.0 10.08 |1316.1 16.9 0. 062
.26 63.5 8.95 77.2 10.00 |1310.2 17.9 0. 064
.25 62.5 8.92 18.2 10.12 11320.7 16. 1 Q.060
.46 63.2 8.95 78.0 10.08 11316.0 16.9 0.063
.25 63. 43 8. 95 71. 43 10.03 |{1311.7 17.5 0.063
.25 63. 07 8. 94 78. 04 10.09 11317.0 16.7 0. 061
.25 72.39 9.53 88. 50 10.71 |1307.6 17.4 0. 060
.25 69. 07 9.36 85. 41 10.56 ]1312.9 17.2 0.062
.25 69. 09 9.36 85. 41 10.56 ]1312.8 17.2 0. 062
.25 94.52 10. 87 114. 82 12.18 |1298.4 18.5 0. 061
.25 88. 57 10. 60 | 109. 38 11.94 ]1303.9 18.2 0. 063
.25 89.07 10. 60 108. 38 11.85 |[1300.0 18.9 0. 063
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.y gl [Fi82kat1550nm
o 200 15¢ 100
o, e/ | 19 T pamee eyt | 1% [amipimee| topm | X 10F |

o. M 48] R M [dB] = M| [dB] ?
1 (0.00210.001 — 0.015 | 0.007 — 1.063 0.334 —
2 10.000 |<0. 001 - 0.003 | 0. 002 0.00 0.142 0.045 0.13
3 10.001 {<0. 001 - 0.003 | 0.002 0.00 0.136 0.043 0.13
4 | 0.000 [<0. 001 —_ 0.002 { 0. 001 0.00 0. 067 0. 021 0.06
5 10.009 | 0.006 — 0.067 | 0. 042 — 3.517 2.210 —
6 |0.002|0.001 0.00 0.011 | 0. 005 0.12 0.302 0.142 0.06
7 10.0021|0.002 0.00 0.012 | 0. 006 0.14 0.349 0.164 0.07
8 10.0011(<0.001| 0.00 0.007 | 0. 003 0.08 0.167 0.079 0.04
9 [0.017]0.0M1 — 0.115 ] 0. 054 1.30 5.257 2.477 1.12
10 1 0.002 | 0. 001 0.00 0.007 | 0. 003 0.08 0.172 0. 081 0.04
11 | 0.001 |<0. 001 0.00 0.004 | 0.002 0.04 0.083 0.039 0.02
12 {0.133]0.084 — 0.73110.344 — 25.75 8.090 —
13 [0.043 | 0.027 0.32 0.159 [ 0.075 0.22 3.020 0.949 0.12
14 |1 0.05110.032 0.39 0.179 { 0.084 0.24 3.111 0.977 0.12
15 10.012 | 0. 007 0.09 0.0351]0.016 0.05 0.485 0.152 0.02
16 | 0.001 {<0. 001 - 0.002 | 0. 001 — 0.013 0.004 —
17 10.014 { 0. 009 0.11 0.040 (| 0. 019 0.06 0. 504 0. 158 0.02
18 | 0.001 |<0. 001 — 0.002 | 0. 001 — 0.016 0. 005 —
19 [ 0.012 | 0.008 0.09 0.037(0.017 0.05 0.522 0.164 0.02
20 1 0.015) 0.009 0.1 0.043 ) 0.020 0. 06 0.556 0.175 0.02
21 10.84510.531 - 3.280 1 1. 546 —_ 71.12 22.34 —
22 10.214 |1 0.134 0.25 0.553 | 0. 260 0.17 6. 454 2.028 0.25
23 10.109 1 0.068 0.13 0.25310.119 0.08 2.493 0.783 0.10
24 10.004 | 0.003 0.00 0.006 | 0. 003 0. 00 0.023 0. 007 —
25 10.0051]0.003 0.01 0.006 | 0. 003 0.00 0.023 0.007 —
26 | 0.002 [ 0.001 0.00 0.002 | 0. 001 0.00 0. 007 0. 002 —
27 10.002 ! 0.001 0.00 0.002 | 0. 001 0.00 0. 007 0.002 —
28 [14.00 | 8. 796 - 37.98 1 17.90 —_ 516 162 —
29 11.854(1.165 0.13 3.036 | 1.431 0.08 19.12 6.007 0.04
30 |0.637(0.400 0.05 0.9110.429 0.02 4.592 1. 443 0. 01
31 10.36710.231 0.03 0.426 | 0. 201 0.01 1.546 0. 486 0.06
32 {0.01510.010 0.00 0.011 1 0.005 0. 01 0.019 0. 006 —
33 | 4.150 | 2. 608 0.30 8.028 | 3.783 0.21 66. 11 20.77 0.13
34 14.180 | 2. 626 0. 30 7.764 | 3. 659 0.20 59.93 18. 83 0.12
35 130.20)18.98 — 76.23 | 35.92 — ESEABE IR R EE —
36 [ 7.290 | 4.580 0.24 11.84 | 5.579 0.16 75. 97 23.87 —
37 |3.220 | 2.023 0.1 4.548 | 2. 143 0. 06 23. 33 7.330 —
38 1160.0(100.5 — 321.3{151.4 —_ SR A RE | BITE T HE —
39 [22.50 | 14.14 0.14 26.81 1 12.63 0.08 111.9 35.16 —_
40 | 21.60 | 13.57 0.14 26.37 112.43 0.08 114.0 35. 80 —
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7 oo oo i
x 10t 1o x 10t . x 10t sim

No. |[dB/m] [dB] #1748k | [dB/m] [dB] ghiFi8k | [dB/m] [dB] i1
1 10.02410.015 - 0.152 1 0.071 — 6.327 1.988 —
2 10.0080.006f 0.00 |0.035]0.017 0.23 0. 892 0. 280 0.14
3 10.008]0.005| 0.33 0.035)0.017} 0.23 0.829 0.260 0.13
4 10.005{0.003| 0.00 }0.020|0.009| 0.13 0. 421 0.132 0. 07
5 10.0950.060 — 0.502 | 0. 316 - 16. 60 5. 215 —
6 [0.02310.011 0.18 0.0840.040| 0.13 1.522 0.478 0.09
7 10.027]10.013| 0.21 0.09510.045| 0.14 1.709 0.537 0.10
8 |0.016(0.008| 0.13 |0.054[0.025| 0.08 0. 839 0. 264 0.05
9 [0.159 | 0.075 1.26 | 0.772 | 0. 364 1.15 22. 47 7. 059 1.35
10 10.018(0.008| 0.14 |0.057|0.027| 0.09 0. 871 0.274 0.05
11 10.010(0.005( 0.08 |0.031|0.015| 0.05 0. 450 0.141 0.03
12 | 0.863 | 0.542 - 3.522 | 1.660 — 83. 83 26. 34 -
13 10.28110.176 0.33 0.781 | 0. 368 0.22 10. 23 3.214 0.12
14 10.325{0.204 | 0.38 0.854 | 0. 403 0.24 10. 31 3.238 0.12
15 10.080 [0.050( 0.09 |0.183]0.086| 0.05 1.762 0.553 0.02
16 | 0.007 | 0.004 - 0.011 1 0.005 — 0. 052 0.016 —
17 10.09410.059| 0.11 0.20310.096| 0.06 1. 781 0. 560 0.02
18 | 0.009 | 0. 006 — 0.013 | 0.006 - 0. 063 0. 020 —
19 | 0.083 | 0.052 0.10 0.194 | 0. 091 0.06 1.915 0. 602 0.02
20 | 0.098 | 0. 061 0.11 0.21610.102| 0.06 1. 972 0.619 0.02
21 13.724 | 2. 340 — 11.26 | 5.305 — 176 55.16 —
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29 [5.060(3.179| 0.14 [7.001]3.299( 0.09 35.28 11.08 0. 04
30 | 1.873|1.771 0.05 2.269 | 1. 069 0.03 9.220 2. 897 0. 01
31 |1.026 { 0.645 0.03 1.019 { 0.480 0.01 3.016 0. 948 0.00
32 10.050 | 0,031 — 0.032 | 0.015 — 0. 046 0.014 —
33 111.2017.037] 0.31 18.19 | 8. 571 0.22 118.4 37. 21 0.14
34 111.05]6.943| 0.30 17.29 18.146 | 0.21 106. 2 33.35 0.12
35 {68.87 | 43.27 — 146.9 ) 69. 20 - BIEAREE B EAEE -
36 [16.82)10.57F 0.24 123.44]11.04, 0.16 122.5 38. 48 —
37 | 1.585 | 4.766 0.1 9.229 | 4. 349 0.06 38.767 12.18 -
38 | 265.4 | 166.8 — 466.4 ) 219. 8 - HIEBE RIETHE —
39 |38.48|24.18| 0.14 |40.92119.28| 0.09 146. 3 45. 95 —
40 137.85(23.78] 0.14 [41.10]19.37| 0.09 151.9 47. 1 —
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