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(57) Abstract: The purpose of the present invention is to provide: an optical fiber which has low bending loss character-
istics and low transmission loss characteristics and which can be manufactured with high efficiency; and a method for
manufacturing the optical fiber. This optical fiber is provided with: an intermediate layer composed of quartz glass and
formed on the outer circumference of a center core part that is composed of germanium-containing quartz glass; a trench
layer composed of quartz glass and formed on the outer circumference of the
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intermediate layer; and a clad part composed of quartz glass and formed on the outer circumference of the trench layer.
When Al, A2, and A3 respectively represent the specific refractive index differences of the center core part, the interme-
diate layer, and the trench layer with respect to the clad part, AI>A2>A3 and 0>A3 are satisfied, Al is 0.34-0.37%, |A3|
is 0.1-0.25%, and A1x|A3| is not more than 0.08%?. The mode field diameter at a wavelength of 1310 nm is not less than
8.8 um, and the transmission loss at a wavelength of 1550 nm is not more than 0.195 dB/km.
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— Y BHFJREL. DDOATEFEO. 33%HN50. 44%DEEDRK L I{E
ICEELEDTHD, ZLT. INHDHET7A4/1NDER1550nmIilH
TR RIFBER LR L
B713. A1 EEEEBEREDEARERIETHD, ISICRT LIS, i
DEENRS A -9 DFEICLZESDODIREHZEDD, ATIEFERKR1550
NmMICHITZEERREOEICIIBVWERENH S, &AE. A1%0. 4
2%E/m<TBHE, BEEBREEALL, COBHR, A1E25<T3LD
IKCR—=/IXVFELTGeDHRIMEZEZLS LIZDOT, LA ) —RHEBRCEESE
REBRIMERNLEOHEEZILND, #HIL. A1 ZNILLTBE LAY
—HEIBRIETIFONTE, BIFRO7 74 VORETICL > TET(4 -0
Ry RIBENAECARY, ERBREVICEEIT 1T TEEBRNE
ALTLEIEVWOHEBENRI S, T, A1 ELEZIEO. 33%EMEK
T3 BERROELDENAKRELC Ao, TOERIF. AT1HIMEVE,
K774 NOFEDOED,. BIFERIOT7 74 IVOBIROELICH LT, £
YEIRICIR D= EEZOND, CDHE. HEREQREILLZERETO
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ATHO. 34%LUEOD. 3THUTER>TWVWEDT, HER1310nm
TOMFD#%8. 8um&éARELTERDEELIC, 0. 195dB . kmld
TOBRBEEBRVARELTRELNDEWOFIEANH B,

[0042] DDWT, BENRNTA—FEZLIELEZIDOHRT 74/81 O DHERH
DODEIEDODEBEFICOWT, YIal—>avitBRREHAVWTHRET S, £
3. R1IRINo. T~No. 9FTOEENNTA—YDEAEHEICD
WT., ZONBEEMOLTILESE L, No. 1H55No., 9TIE. Al
0. 34%~0. 37%TELITETVWE, A2/F0%~0. 04%TZElL
XHTWB, |A3 120, 12%~0. 20%. A1X|A3]1x0. O
444%~0. 0740%TEALIETWVS, b ald2. 2~3. 4TE
EXHTW3, ¢ aldd. 0~5, OTCELLIETWS, 2ald7. 9Qu
m~8. 5umTELIFETWVDS,

[0043] [FR1]
(&1
A1 A2 A3 | A1x|A3l| b/a c/a 2a
[%] [%] [%] [%2] [ ¢t m]
No.1 | 0.34 0 -0.20 | 0.0680 3.0 5.0 8.2
No.2 | 0.35 0 -0.20 0.0700 2.2 4.0 8.5
No.3 | 0.35 0 -0.20 0.0700 3.0 5.0 8.1
No.4 | 0.36 0 ~0.20 0.0720 2.2 4.0 8.4
No.5 | 0.37 | 004 | -0.20 0.0740 2.2 4.0 7.9
No.6 | 0.37 0 -0.20 | 0.0740 2.6 4.0 8.3
No.7 | 0.37 0 -0.20 0.0740 3.4 5.0 8.1
No.8 | 0.37 0 -0.16 0.0592 2.2 4.0 8.4
No.9 | 0.37 0 -0.12 0.0444 3.0 5.0 8.2

[0044] DDWT, R1DEBENFIA—FDHAEDOEICDODWVWTHEREHZETEL
oo IHIC. BHAEGDOEZEREHMEE LT, VADZEZRWTHA I 7A41\E
MEaREL, X7 7AN\BMERSIE L. UVEBELEBENSLZ 2BEED
WEEBAAL., /Sy REMNM 25 um, BBEHN250umDT 74 /\%
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AEL

%z21F. No. 1~No. 9ILDoWTYIal—YavEtELAKER (Sim
ulation) & L TOHXERMEDD B, FEOBER. 98A0—7, MFD, C
utof fiRR., v /OXNY RERDEZTT, . R27THR., HELE
No. 1T~No. 90N T 7A/8IDWVWT, EEAFRHMICMA. EEEBE
BRLTWS, 4B, R2TIE, HEELT. G. 657 A2 BOHFERBIE
EEDhETRLTH D, R2HHHEBLIIC. No. 1T~No. 90WVWTh
H, VIal—YaVEBRERENG. 657 A2BRERBT I EHIHEX
Nic, I5IC, MFDICDWTIE8. 8 umbllE, EHEEEICDOWVWTIZO,
195dB/ kmlUTTH2ZENEEINL, T, BEQBER. 28X
O—7. MFD, Cutof figR, ¥/7ORYNERIZODWVWTR, ¥3a
L—2aVEtBICE 22 S, SFELEXT 74 NOAERFEE MR E
—HBLTWBZEBRERLE,
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[%2]
(%&2)
EotnE| san—7 | weo | G| YR mmas
[nm] [p_s_/nmz(km] [¢m] [nm] [[dB/m@20mm] | [dB/km]
@ERECEE |@1310nm| @22m @1550nm @1550nm
G.657 A23R%& | 1300-1324 =0.092 8.6-9.2 [ =1260 =1.59
No.1 Simulation 1316 0.087 9.09 1259 1.29
No.1 5 1E 1314 0.088 9.11 1252 1.12 0.185
No.2 Simulation 1305 0.091 9.05 1255 1.46
No.2 X 1E 1303 0.091 9.03 1249 1.38 0.187
No.3 Simulation 1317 0.087 8.96 1249 1.18
No.3 Bl 4E 1319 0.089 8.93 1241 1.28 0.188
No.4 Simulation 1306 0.091 8.94 1255 1.12
No.4 F{E 1309 0.091 8.95 1249 1.20 0.190
No.5 Simulation 1313 0.091 8.95 1246 1.40
No.5 F1E 1311 0.090 8.97 1250 1.30 0.194
No.6 Simulation 1311 0.089 8.86 1248 1.56
No.6 Et1E 1313 0.089 8.88 1251 1.55 0.192
No.7 Simulation 1316 0.086 8.80 1259 1.08
No.7 54k 1315 0.087 8.81 1254 1.02 0.191
No.8 Simulation 1306 0.091 8.87 1256 1.45
No.8 S {E 1305 0.092 8.84 1251 1.52 0.192
No.9 Simulation 1314 0.087 8.84 1250 1.49
No.9 FX1E 1312 0.088 8.81 1253 1.43 0.191

[0047] X5, AELAEN T 7A/NIEMF DA 8, 8 umll ETHZ/80, H7
7ANFOFBEAZIROBEZIHTE, HNOEHEED LWV, &HELEL
H774/18E, G, 65 2HBERCIEES VY ITILE—RKET 74 /1NE%E
MEERT 2RREToLEID. WThORELEXT 74 /8IDVWTH
. BEA< 0. 1dBUTOREGERANLZE L TR/LNT,

[0048] 7Zd, ERERBEBRICLYEREPHIREIND DTG, LR LAE
BRERZEEHEASDOETERLAEEOEAREBICSEND, k. I5
BROEPRPEMIE, BEBICLI>TERICEIHTIENTES, £oT
. AFBAO LY LRELREKRIE, LROERBREBICREINZ HDTIERL,
BRe BREBENERETH 5,

EXEOF A
[0049] AFERICHRBHAT 7488, T—FALPTLIALRBREDHBEOREFIC

NN
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[55KIA1]

55 RIR2]

[553KIR3]

[55K1R4]

[E53KIR5]

&a R D&

TNV Z=0L (Ge) Z223CARRAZIADLRLZHLIATEE,

ARZAZZAHMNLRY, RIEBFOIATEHOABICERINFERE
&L

ARZRHAZANLRY, AIRtFPEBOARICERINN LV FE
&L

ARRAZZAMNLEY, GIEB ML Y FEOABICHERINLY Ty
RER&.

iz, RIEEY 2 v RERICR T 2. A0 7EOLERERES
A1, FIECHEBDLLEITREAA2, RIEc ML VY FEBDLLEITRE
EA3ETRE, AT>SA2>SASHDOSASIHARYILL, ATH
0. 34%LUEOD. 37RUTTHY. | A3 [H0. 1%LULO,
25%LUTTHY, ATX| A3 |50, 08%WLUTTHY, KR
1310nmIZBFRE—RT71—ILREHN8., 8umlLETHY,
BER1550nmilHBITHEEEENO0. 195dB kmlAFTH
%

EERBETBHT A3

| A3 | A°0. 1%L EO. 20%UTTHDIEEHMET EHE
RIEVICEREDON T 7 1/%

A25—0. 04%LLEO. O4%UTTHY., FIEEHLITED
JO7R%2a, AIRBM LY FEOREZ2b. HF%E2c & LEE
IC. b apt1., 8LLlE3. 6LUTFTHY., ¢ ah3. 2ULS.
2LUTTHBDIEaRHETIBERBI AL 2ICEBEHEDONKT 74/

EMHY A T7ERENMT1 260 nmlUTTHD T &EwHET 55
RIE1~30OWTFNMN—DIZEBEDILT 71 /%,

BRSO I FEOIT7RIE. Ehy MATHERNAT 150 nmld
E1260nmlUTICRBEDICEREINTWS I EZR/HET DE



WO 2020/175259 16 PCT/JP2020/006410

[E53KIR6]

[553KIR7]

[53K1R8]

[553KIR9]

RIB1~4DWTFNA—DICEEHDNT 71 /%

BR1310nmICBIFEZE—RT4—ILREHNI. BumBlFT
HDIEERMETIEREI ~40WThHh—DICEEHDKT 74
AW

ERX20mmTHIFAZEDRRKT1 550 nmilHiF2HIFELD
1. 59dB/ mMUTTHBIELE/FHETIHEKRETI~60VWTH
MN—DICEEDALT 71 /%,

ENEEENAT1300nmllE1324 nmUTHY, FIREDE
BRTODTHRAO—THN0. 092ps,/ nm2/ kmlAFTTHBZ
EERBHETIEREBEI ~TOVWTID—DILEREHDINT 71 /3,

BRET~8DVWTNA—DICREBDONT 71 NOEEHRETH
<.

KT 7ANBHMERETHTRE,

RIS T 7 A NBMENBRBR L TIESI X L TR 7 71 /N &8
BYBIRE.

EEH. BIRHK T 7ANBMERETZIRICEWT, [IEHEE
ERAWVWT, DA EBRIEHAOITE. RIEKSHERB. Rt L VY FB
. BLURIERY 7Y REBO—BRERBBPOEZHHMT D& a/HHET
2HT7 74 INOEER K,
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