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B Abstract

Charles K. Kao of the British research center, STL (Standard Telecommunication Laboratories) proposed
the potential of silica optical fiber as a long-distance transmission medium in 1966. At first, NTT (then
Nippon Telegraph and Telephone Public Corporation) had doubts about Kao's proposal, but eventually
started optical fiber research in 1971, just after the 1970 achievement of 20 dB/km optical fiber loss (at a
wavelength of 0.6328 um) by the U.S. glass manufacturer Corning. NTT was also largely encouraged by a
1974 Bell Laboratories report on 1.1 dB/km loss (at 1.02 um) attained by using the modified chemical vapor
deposition (MCVD) method, and in 1975 rapidly organized a joint R&D program with three Japanese cable
manufacturers, Sumitomo Electric, Furukawa Electric, and Fujikura Cable. They improved the MCVD method
to open the longer wavelength windows of 1.3 um and 1.55 um for silica optical fiber and attain the ultra-low
loss of 0.2 dB/km at 1.55 um. They further succeeded in establishing the Japan-originated vapor-phase axial
deposition (VAD) method, highly suitable for the mass production of optical fiber. Today, approximately 60%
of optical fiber in the world, and over 90% in Japan, is produced using VAD.

In conjunction with the above-mentioned progress of optical fiber fabrication technology, semiconductor
lasers operating at 1.3 um and 1.55 um wavelengths were developed, together with other key technologies
(such as optical fiber connection, cable fabrication and installation) required for constructing practical optical
fiber transmission systems. In 1981, multimode optical fiber transmission systems of 32 Mb/s and 100 Mb/
s were introduced into NTT's public communication network. In February 1985, just prior to the privatization
of NTT, the 400 Mb/s trunk line, running through Japan lengthwise—a distance of 3,400 km from Asahikawa
to Kagoshima—came into service using VAD single-mode optical fibers. This became the first full-fledged
single-mode optical fiber telecommunication network in the world.

Since then, a tremendous increase in transmission capacity has been achieved mainly by 1) the progress
of time-division multiplexing (TDM) technology with higher-performance lasers and dispersion-controlled
single-mode fibers, 2) the invention of the optical fiber amplifier, 3) the adoption of wavelength-division
multiplexing (WDM) technology, and more recently by 4) the development of digital coherent technology.
Today, even trunk line systems with a 10 Th/s (100 Gb/s x 100 wavelengths) capacity per fiber are in
commercial service. This is five orders of magnitude larger than the capacity in 1981 (100 Mb/s).

As for access systems, which have more exacting economical requirements than trunk line systems, fiber-
to-the-home (FTTH) service using passive optical network (PON) architecture started in earnest in 2001, and
the number of FTTH subscribers in Japan is expected to exceed 30 million by the end of FY 2017. With
increasing numbers of smartphone users, even the mobile communication networks are supported by optical
fiber lines up to the antenna base station, with just the last mile being a wireless connection.

Though the technologies making up today's optical fiber communication networks cover a wide range
of both hardware and software, this survey focuses on the development of silica optical fiber—the ultimate
transmission medium ever invented by humankind—and describes the history of Japan's world-class optical
fiber communication technologies.
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vibrating with sound. The light was then sent
to a detector of selenium coupled to a telephone

receiver. A few later ideas were also patented,

one of them in Japan even suggesting quartz as a

transmission medium. In the 1950's, however, very
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PEEE O 1E. 1964 = MO S F o b ¢, Gl
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Hold&hTws ™, Zo—)T, WEHIZL2
[ Solid optical waveguide having a radially varying
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A O FEIE LRI o 72,
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A=—7 =)V FNIZEFEFHE7 7 4 73lfE v 27

A (PE 085um) AL,

ZEE
A7HSZ
(TI&H8) I3YRH5Z
(Na#i52)
A AR
(TI* = Na*)

TN l

211 SELFOC 771 /ND&E
(BEXH? &b EICEEER)
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(Standard Telecommunication Laboratories) (2 ART
L7z0 1960 EEIA 5 IV REBEHED 7T Y 2 7 |
Whib o 7225, RT3 ) SRS oM & ki,
V¥ —L —H%% HeNe L —HFDOFEH Il S izt
B 7e Yy =7 FHIHE > TWT, 1963 4F1T1F
Kao dE@BFE 70 Y27 MIBEIT 52 LIk o7,
Kao @ BLMI BB R BATZEICR Y. FBAET 74N
DO FRHE G Lo [ ORI % 5t 6D Ty 5 726 Kao
. ATAPCEENLG L EOBREGRERETE
i, FERAET 7 4 NGRHE I BT, EHIZH
ZBWAEEBDIEITELLEZD LI o2,

1965 4FICA D . D GA. Hockham (1938 4:4: F
h) LT 7 A NORFH ORI L Y H Y
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7 FEOESOTREZRDIZ), 774 NDWi23Y
DYBEIOVWTHEME L7z MEE2 S 1. 75 A
BORTIAESN T ADVRBETHLZ L2RELT

Kao & @ % B ¥y 7 & 3C [Dielectric-fibre surface
waveguides for optical frequencies] (428 H) .
KEERES (EE) REIC1965 4 11 A2 # S,
1966 4F 2 AICiBIE S LT, 1966 4E 7 A 7Bk s h
2%, Kao & DL O % K 212 128 L7225,
AYLDOERELT &,

Dielectric-fibre surface waveguides for
optical frequencies
K.C. Kao and G.A. Hockman

Conclusions: Theoretical and experimental studies indicate that a fibre of glassy material
constructed in a cladded structure with a core diameter of about Ao and an overall diameter
of about 100 Ao represents a possible practical optical waveguide with important potential as a
new form of communication medium. The refractive index of the core needs to be about 1%
higher than that of the cladding. This form of waveguide operates in a single HE11, Eo or Ho
mode and has an information capacity in excess of 1 GHz. It is completely flexible and calls for
a mechanical tolerance of around 10%, which can be readily met in practice. Thus, compared
with existing coaxial cable and radio systems, this form of waveguide has a larger information
capacity and possible advantages in basic material cost. The realisation of a successful fibre
waveguide depends, at present, on the availability of suitable low-loss dielectric material. The
crucial material problem appears to be one which is difficult but not impossible. Certainly, the
required loss figure of around 20 dB/km is much higher than the lower limit of loss figure
imposed by fundamental mechanisms.

Paper was originally published in the Proceedings IEE, July 1966. It was first received 24th November
1965 and in revised form 15th February 1966.
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RADIATION LOSSES IN GLASS OPTICAL WAVEGUIDES

F.P. Kapron, D.B. Keck, and R.D. Maurer
Research and Development Laboratories, Corning Glass Works, Corning, New York 14830
Received 7 August 1970
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Measurements show that single-mode waveguides can be constructed which have radiation
losses of about 7 dB/km --- very closes to the intrinsic material scattering loss. These waveguides,
with total losses between 60 and 70 dB/km, have permitted the measurement of bending losses
which become dominant at radii of curvature of a few centimeters. An approximate theory based
on bending a rectangular guide appears to represent the circular waveguide results very well.

Two distinct types of loss are encountered in
dielectric optical waveguides, absorption loss, and
radiation loss. Losses in the first category are brought
about in the glass waveguides primarily by transition
ion impurities and will not be discussed in this letter.

glass optical waveguides were made for this work,
with a core diameter of 3 - 4 ym and a cladding-
core diameter ratio of approximately 60:1. The two
30-m sections which were investigated had a total
loss of between 60 and 70 dB/km. The lowest value

Instead, two types of radiation losses are investigated,  of total attenuation observed in all waveguides
intrinsic material losses and bending losses.  constructed for this work was approximately
Several hundred meters of single-mode 20 dB/km, measured at a 632.8-nm h.
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FEBR R MERE T A (RUK 1 6Si0, : 1B,04 123K < JH
PRITAEST A LD 03%KV) 2 WNHICEA LA
Y7 A (NEE 8mm. #ME 10mm) ZMEMH L7, 2
THEZIy FHEGbETCOY F - L V- Fa—7T
ETHEIET 5L, T T7AHEFNEO—FRIwL L
THMET 207 7 4 1303/ Hh, HE 080um I[2B 1)
53013 10dB/km TdH - 720 X 3.6 DI LI EFFELC
BWT, 095um FERFOHEE—271387 74 o
K (OH) 4 4 YK A2WINETH 5. ECOF 3£
MRS CTH o 72, Shid—2ORPEL LT, K
7 7 A NHRFE O EPFIRD & WAk B WAAE A~ DFWIC
FHL, LESLIZZOWEZ LOVTWZ,

Eccentric-Core Optical Fiber
(ECOF) 500

E 10dB/km

;\f\oo: @0.8um

s F l
50—

& °F

M
10~
5

O“S OTG 0.‘7 OTB 019 I‘IO |jE
S (um)
OI7H T\ OIBRRER
(R 0.5 ~1.1 um)
B36 NTTRHBREARD “Ro7%" BERKET 7 1/

& (1973 )

(BEXE ™ £ b EICEBNER)

fRLI7HTrA DRI SE

1974 SE R ZIE NTT WEFE D56 7 7 4 S W ZE 4l
DEMRE DT b, RET OIERER 3MEEHL S
1970 4 Akt o i ER, 2 LT 1971 4E At o
AR — &N R ARG TERT ISR B) L7z, s
&, KE UCLA To 14 0 is o %533 -
72OT, FEBITIE TAEEN T 1975 48 5 H O Rk %E
T & % o 7285, PHEORBZ, R THESRE
T 7 A NORERDY: L %5 VAD (Vapor-phase Axial
Deposition) HEOFHIZH IO 2 &Ik b,

A LRI %25, HARTHRMIZ 20dB/km % 52
BLL7-0W&, @R T D o 72HA-HA R A
%¢ B (ETL : Electrotechnical Laboratory) #%1972
SRR L 72 i8R 7 7 4 S ETLOF Th - 72 7

BERET 7 1 SERERORAE
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ETLOF 3. 75 v FME LTIRITRIAET T A
XD /NEWINEERE R Vycor 7T A (HF AMBE A
96 % Si0,4% B,0; TH V. Vycor & Corning L D%
FRPGRE) ZBO, ToOHIZaTHE LToSKERA
WA ABEWMALZDDERIIELTAT v 74
Fv A (SD) BEE—FHT7ANELZBDOT
B o720 ETLOF &, WO HERT T AMBTH >
TH 20dB/km FEEEDHRAEIZLLBWE S IZH O D
CEEREEL, AERT T ADOENDOHREE R LT,
3.1 i TR L 7231505 T oA it o A S0 5 i
XENBEI. F—T NV A—HThHbHEAOE 3
(KB, HWETL., BAEMR) 1. Corning 4D
20dB/km Jt7 7 4 NFEEE M o THWHEZ 21T 72
A5 1969 SEEHD ST 7 £ NORRHEEHD TV
7oA EM. Z L TSELFOC 7 7 4 2N ICB#E LCTH
ABAETR NEC W IBIRICH o 7AELELD O
Ty 1970 4ERLBE, 567 7 4 N & Z D — T VAL OB
B EABILL TV ZEIlh %,

I 3.4 HEEXEOBX

1966 4E® Kao D33 & 1970 4D Corning fLDFEFK
WCHbZEEEKEHOB X 231 ICFT L D205 K
[# 8% %A IEE i& (Proc. IEE) 7 H 5~ @3T8 #&
12572 5 T, Kao %% London FifE® IEE T 1 J 2
L2t ddHoT, EETIZIG6EKT TIZTIRLD
ZOOWT 7 A NS V=T AR L7

1) STL @ CK. Kao ® 7 Vv —7",

2) Y BAE 251 (BPO) @ F.F. Roberts ® 7 V—7,

3) Southampton K%:® W.A. Gambling ® 7 IV — 7,

Southampton K% 7 v — F X E P E O ¥ K — b
EFRTEZE—NBT7 74 1 OEZRBL. vy F
AV Fa—=THEITELBENET A NNDORE]E DO
KEAT o720 BM A I AR HKOZIKGFZOH T A
¥ (Schott L F7 75 R) &5 A% (Pilkington
ME1 A5 R) &#ioT. ATy TA v Ty 7 AL
E—FH7 74 NORMEE ATV, 140dB/km 1246 F
D, 2T 40dB/km OIAE A #7225, I HBEAE
?® 20dB/km ZEKTHI LI TE 2 o7

W E Kao $2ZICHIK 2 /R & 22 20 - 72 K [H D Bell
WEFE A5, &7 7 4 NI 2 8040 72 0,
STL @ Kao 523434 5 A D45 #2213 % 5dB/km
(0.85um) TH B T L 2 LB FM' 7 L7z 1968
EDETH - 720 1970 4E127% 5 &, Corning £ &
20dB/km 67 7 £ NEEND Y. FAEEEA L —
O A E IR ) U 7z Bell WF5EFT 367 7 4
NHERHROWEIENTHZ LR LT
1972 4 KICE, TRETOF AL Y XL ¥ XHIC
& 2 2RISR owgez ik L7z,

Corning #£® 20dB/km #ZHAIE L2 & % 1970
411 HIZ X BPO & STL 25 32 L 72 A%, 20dB/km
% B T & 7 v Southampton K% & Bell fiff 52 T i
1971 ~72 4F QISR T TR 7 7 4 NOWIE R 4T -
o FEBE, BEETRD B MBLEEBLLT 7

£3.1 EEECKEOEHE (1965~1974 £F)

£A HiskE #E

1965.11 - STLDKaoMEEFEICEH 3 1% H5 (1966.2(C B EThRE B 1% H8) EESEN (BPO) AV ) \hKaoih X EE
1966.1 ‘KaoNEER & TEE BPOLEH & (KE) HEIKERY
19664) ‘BPOBIR A CHI74 1 BIE DAL FALR E B & DX 4 TSouthampton K E B2 BEA
1966.7 -KaosRSXHIEEEE (Proc. IEE) [CBEEN D
1966 *BPOXAV I\ CorningDM o MEARE (I T74 INEEDFTREMEICOVTRE | ComninglS AR RN T71 NDOFHZTEHLA
1966 -KaoldBellBZEARI LIz, BellBHEH 774/ BB (B &R ET Z0D. Kaold B AZHR
19678 - Corning®Maurerh’Rod-in-Tube; A CEELLERER A T7ANEIBLA KX | A7HFIARTIO2FMBEETSA(ULEHSR)
1968.1 - Corning®MaurerF — Ls[CKeck i & N (%0 A & (13 Schultzt £ 1) [E4E . Kaoh¥CorningZ &l L CKeckE S
1968 *Kaob NN A EHFADEH B % (3#95dB/km (0.85 1 m) THd L &R S TP MBI LBel B & E&IICZ (T IEHIRHD
19709 *Corning®MaurerD’ )RR & D D EFR =3 T20dB/kmt 774 )\ FE R
1970.11 -BPOESTLH Corning®20dB/kmfE %4 5E
19708FK | -Kao'STLEBEN TE B R X KFHIRICRT
1971~72 | -Corning®20dB/kmfEZFE I TEY', Southampton KEBellBHEKIAIT 771 )\ & B TE
1972.6 *Corningh’Ge02;/ MM % E— FHT74 )\ T4dB/kmER Corningh’OVD;ED4FEF HHFE@1972.1
19723 BelBAD A ALY AR ZHF L L TR I7A NARIAEE (—HOTH ALY AHARERE—RMOBRRLTI7MNEHR)
1973~74 | -BEEILCVDIAICEB AE R T7M ) WER TEHE BBl TN L ERL

-BelliH'MCVDAICLB1.1dB/kmAt T71 NFER @1974.7 BellBAAAMCVDE D4 i fE@1974.2
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4 231& Southampton K2EW#AE L 2tk 7 7 7
ANTHole #T7AERZIEML TEMERDOTZE
T 7 ANEZEEL, ZONBICEBITROWMARZ 7
LTREZEMSEL2DDOTHY, EROF T A X —
# Pilkington DO ME1 75 A 25 &ML 72N
£ 120um OHZEAR T AT 7 A NIIAFHrun Ty
Yz v (HCBD) #{EALZD DX, 1972 412 7dB/
km (1L08um) DKIAKAE 2 EBLL 72", Bell %%
THbaEN T AROWBET 7 A NZF I ru0
IFLY (BrVwETFrIrzunFLrEh—K
7T 77074 FOSEEEAMHR) ZEALT, 034
~086um & 1.04~1.1um P £ 3% T 20dB/km 7= v L
FRUTORIMEZER LY, AFMICIE, +—
AMZV)TOREBEEHEF—LTHL T I rnunLS
L ok a 7 omesirbi T, 1.09um, 1.205um,
1.28um D %P F T 8dB/km LA F DHEIAE AT S
Twa ™, &9 LWtkaT 7 7 4 NEHEOEA
WCRIFMALE T, EHEICIEBEDY D - 7225, £53%
LR QR S AN AVASY A

1972 SEK @ Bell WF%Ei Tld. HA L ¥ X OWF%E
Sz L7z P. Kaiser 525, A%ET T ADAN» L% D
H—FH (SM : Single Material) 367 7 4 2N DOf%E
EATo 72", BWiE. 28dB/km (@1L06um) TH -
7% E®— N7 7 A NOHEIMER, L) EmREOE
AT T AME R T 52 212X D, 1974 412
AL, RI37TICHAEREZZDTRLAZEIICT
3dB/km (@L1um) (2% TEM L7 ™o PR 095um
FEDBEIIA RS T Ahd OH £+~ (KEE3k)
DRI H Y5 2 A5, I — 7 25 3dB R &
I/ S vz ik, Kaiser 2% OH &5 A R 0K

v fdry” BRERAYEAH T A (a Spectrosil WF core
on a Suprasil W1 slab) #JiW/=Z & Z2KBLTW5,

HeNel —Hi& R TORIAKIE
. \ x HeNel —HiRR TOMELIBXAE

JrA)\&: 130m

8% (dB/km) =
s> o ©3

~

1
08f
06
04 L L L L e
0.5 06 0.7 0.8 0.9 1.0 1.1 1.2
B (um)

ZE— RE—FRMI71 )\ DIRRBEREFE

(a) [FEFLE-RBIR. (b) FRE—REHR.

(€) FILEBEIL TGN EBIRL TORRE— REbIR.

(d) BRGNS ~URER

3.7 Bell REFIDMEADEERNT 7 1 INHALES]
(BEXW? &b EICEEPER)

ZE-RE—ZMI71 )/ OHESE
I'Suprasil W11257 £l Spectrosil WFII7
Q7@ 25um. 257/ 2.2pm)

Kaiser & O —#EM 7 7 4 75138 IR 2 WF 5
TFT—=THo722 FEWELTR3RIIRT LI

AFEA T A O OH WIHHO K & & % 5 B (Y]
L 7z i 3 [Spectral losses of unclad vitreous silica
and soda-lime-silicate fibers] % 1973 4EiZ5F&E L. &
DHEDOAIERNT 7 4 P MERIHIAL (=48 OH 1k) 121k

FTORERIE RSP,

E "R IR 10°

(um) (dB/km) ol EARIRIR

0.60 5 v; 0.006 2-725”‘

0.64 2 v, +4 v 0.001 10%

0.68 v+ 4w 0.004 =

0.72 4 vy 0.07 < 1% 138m

0.82 2 v, +3 v 0.004 5 102l

0.88 vy +3vs 0.09 « 1.24pm

0.945 3y 1.0 ® 10} 095|Jml

1.13 2y +2 v 0.11

1.24 vy +2 v 2.8 1

1.38 2 v; 65.3 ol [\

1.90 2v,+v; 10.3

2.22 vy +v; 260

2.72 vi 10000 0:: IO |5 20 25 30
R (um)

vy o Si—O-Si MHMHEIRE
vy o O—H RS

M38 AEHSZAFDOOHA A L ICLDIWMIKEER &
1ppm V) DIRINIE
(BEXH > % b EITEEPER)

HREITGOHA F VIRIRE D

% ®—7; T Corning T % »%. 1970 4F @ 20dB/
km BEEUED, b7 7 4 NOMELRBIZET S
WRIEFEEE T, LI Z A Twiz, 1973
i 4 H5 ® APL (Appl. Phys. Lett.) #ElCiZF o
3AMIC & % i3 [On the ultimate lower limit of
attenuation in glass optical waveguides] (i35
1972412 A 1 H) 288 S . Pz 0.80~0.85um
& 1.05um T 4dB/km OIRRMENEIITE 72 H o
72hN ST THMBRBIEANDE RIZ R Do 72,
RVTAR L %o 7o— O RENFFF

@O [Method of Forming Optical Waveguide

Fibers] , USP 3,737,292 (Filed Jan. 3,1972) *,

@ [Method of Forming Light Focusing Fiber

Waveguide] , USP 3,823,995 (Filed Mar. 30,
1972) *
3 [Germania Containing Optical Waveguides] ,
USP 3,884,550 (Filed Jan. 4, 1973) ",
25, WMEEONT 7 4 N EfREE X, Corning #1A°
72 12HMt (OVD : Outside Vapor Deposition) #:%
BFE L. AT T ANOBIFRGFIEME ¥ =282 b G
M) % TiO, 25 Ge0, [CZEH L 7-Z & % FIf L 7=,

Corning #t 4T (OVD) @ ik # @ K EH#FD
O WM ERE (Figl~Figd) %X 39K L 7A=H
F 3 KRENMARG RSO X - THIFEHE 12 DHF IS
AT HEILVEAT T A 10 ZHR L, #EWT2 7 v FH
ZILEA N 7A@ il (Fig2) 2¢5., €0, I
122D T (HEWIEFIEHL) REDFE
Tk (Figd) L. &Il ho7/72a 7277y FEA
ZALVE N T AR % BRI 28 T EIRIZIEL LT
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s . o 10 —RI-74>4 (A7)
e 12: HFHE
S | 14: \—+
=" 16: N
K 18: IPFRIASABKT
20: ZRI-F4>4 (959RA)
Fig. | 22: 73y RAASAMALITF

24: Y-Y— (NZLFPIE)
28: BRUF
30: FITPAN

L

D

&KL

77,

&

27, W
&\\“

&

® 39 Coming#tA&ND [44F (OVD) ik 45EFEAME
EZ4Y)
(BEXH P £ EIEEDER)

BN T AT B L FEICHGTE (Figd) LTET7 7
ANEZ/DLZOTH D, S OFEFFRIG O A TIEHEY HE
WD T, Corning #t ® Keck A%2010 4E 12 %5 L 724
R ® 1o TRV R S a2 YK E X
3101ZR Ly X 51240 Schultz 7% 2010 4E12 245 ¥
L7=9Wo OVD HEEHZM 311 IR Lz, =20
K%z HbEs LT (OVD) #:0 7ot 2 FEHHE
HL S\,

OVD ¥k, L@ TiERINhTwb L)
W2y AT ARTE N — FIBHE S 5 ER A Ao
F—r82 DA ARE R RFHIMICALS 22 LITE -
T (HAMMFDSELFOC 7 7 4 "D XS5 %4 %
URBHMICEHSL L), ERETEbL L —
7Ty N4 7y 7 2 (GD) BTG b IR
HBTHH., DEZR U TCEELMITFE iz EHTE
5E9CkoT

ZDO—}T. CORMOERTORD FEZE R
Southampton K% & STL A5Z N ZE ANV AZAT - 72 Bk
LB T CVD I & 2 HIERET 7 4 A MERE O
%THbo Thbb, Corning D KIMAKDRIE

SiCl, + 2H,0 — Si0, + 4HCI
TiE, R ENAERH T AT H0 ISERT %
OHA *+ Y% BEIZEHEENTLE 52 ARILUS
SiCl, + 0, — Si0, + 2Cl,
THX, OHA F v ORAZHHTLILTES
&L BERMPUIEZERTDOTH B,

STL & Southampton K#4%i%. BIFHEHBH O F—
N PMEBELT EhZFhEEEIT V= A
(GeCl,) & =3EAbHE (PCly) ZMEM L. #48{L CVD
WX, AT ZAEOHAMIZ, EhZFh SO,
GeO, % & SiOyP,0, %D H 5 A Jg % Hehk (WA )
SH, Thz#il& LT, 083um Rk cELZN
4 dB/km & 27dB/km D7 7 4 NEEH L PP,
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1) SHLEIMER

_ BIAMRITNELS

8|CI4, etc| mpHz Egii=1507) ()@ﬁi
2

CH4 { A 7 /

X 3.10 Corning $tM4H+ (OVD) E7EO&X
(BEXWM® &b EICEEDER)

@ 3.11 Corning ¥t DIEAD ST (OVD) B
(BEXH? £b EICEEPTER)

Z 2 T, 27dB/km % it $% L 72 Southampton K
D Si0-P,0; RN 7 7 4 NOHIWRFFEZ N T 7 4
NOWHGEMNTH 312 IR LY, Z0%E—F
K7 7 A NEERT 5 720 OBEAL G CVD X EA
(=67 7 4 2385 1) hISERE S ThET 54
¥A 5 A (Suprasill) ErhTirbh, H1EMTar
T B EIED S N7z, Si0-P,05 7T A AHERT L
TeREH T AFIPIAL T 74 BB & 2R, B
%\ % 2 B BRI TAT b 7ze 12km O S ITHT]
E&Nk7 74 30 3 781 50um. ZHEEIX 150um
Th o7 3.12 TP & 0.95um {2 35dB/km #£
@ OH A & VWL Y — 7 B Tw a2, Zhid
279y FELTOH A F ViIRESEHWERAES T A
(Suprasill) HOEHOH A + VLI B & S hiz,



HMEE WS 25, EBREEAMMIIZ WA 0H 4 +
ViBEMEWIERA S T A (Heralux) 2 HWT
MMELZT7 74 25 TlE, 083um PRI THHIL I
BWINLCTLE 57225 OHA F YWIHL Y — 27 Bk
1% 35dB/km 2> 5 6dB/km ~& A L 72 ¥,

® 77 : SiO2-P205
J3yk : SiOz2
> #R5|AOERUFRCAE
Ule&R AR Suprasil&
HICAUFCVDIETSiO2-
P205HSAERZBR

Tr4)UE: 244m

2.7dB/km
@0.83um
1

04 05 06 07 08 09 10 11
R (um)

BRREREE

KT\ HEEE
(Q7EZE50um. #ME150um)

3.12 #[F Southampton K= M 2.7dB/km & & R 3¢
77 A INGRIE
(BEXH ™ £ b EICEENER)

I 3.5 Bell ARATD MCVD EH%E

Ye[# @ STL % Southampton K & (FIZFEREIC, K
@ Bell WIZERTIZ BT b #AMALEUS CVD 312X 5
MR T 7 A NOWEHD G S . =D ORRBIE
BRI D o 720 Bell BFZEAF @ J.B. MacChesney &
BHRA LT Lid, BERILOS CVD ot e LCE
S TIE R AT AE (Glass Lathe) ZIGH L7
MICH D, K313 WTIIWMBEH 2197442 H 22 HIC
W3 % Bell WFZEHTH#RF [ Optical Fiber Fabrication
and Resulting Product| (USP 4,217,027) @ IX i 1
R L7, Z® MacChesney 5D FHEZRNT 7 4
NPk, B 12 MCVD (Modified Chemical Vapor
Deposition) #& AT S 7225, R 0 4FFE o
A TRED WO T, FHEHH N MCVD IEIZ L B
K7 7 ANMOERTREEZK 314 1R L1z, T4
b H MCVD #: Tl SiCLDF I A TR EE A A
2% (0,) FRELRAELT, ¥ ATty
PENEEE L TWDAEN T AFITEL, AR T A
HRR» OMAKFE NN —F TRFTITME (1,400~
1,700C) 3§52 &2k 9, SiCl FIXENIHTRIL S
M AL 72 T ABORL ¥ T U o 5 RE LAY A5
T 5. METFOBENN: - TH T AMbL T IIHER ST
HWNFTIABE LD, COTREZETHUEEYEL
7ot BRT Z oM E LD, N—FMEREZ 5
(~1,900C) &¥2 &, #T AEIEKIMBEI TP L.
HZeE 2 2 IO 8T & (9 L : collapse) AT
&Ebo 9 LTHERLZBMIZ, 378 /SMELRDOH

BDLDITHEIIN U THOAET T AE (Vx Ty
ME) KD S —fkE LTHREIZ S0k 7 7
AN 5o RPTERGAT ORI, KA Aho F—
737 b (GeCl, % BCL; %5) REE A BFRMICEL S ¢
A LiZLoToirbi, SIY, GI B, H—F— 8
DX EDONT 7 4 NEERTE S, MCVD
ETIE. BNEAMBAD > THHED T ZAENITTE
IR 72N 2, ZLTRIBARLE LTOARY T
2B % H I Ak L Chliz S0 oMAKEN—F TH
FRIZImE (V' —img) 3§52 8T, kST A%
OB (ENTF2Y) ZPilETERTAIND 5,

2 1 B2
A | N4 L 7—L———D | 3 M
i - cl VY Tsb N 4 MBEE
y N N S R . 5a EEHFE
B - b F5)S-AAM
H 0 5 i 18 HRE
1] THS
25 | A5
T ‘ )
= 34 Fig.3
j g 3 3 10,
yo )N
| i o 7
30 BRASAE fu= |

u (. 5
31 )= A T
32 Mk 35 5
33 h3/5-2A0@
34 REN2ABHESTA 5

35 HIABHTF RS
36 RN o*

9,10, 11 BFRNAEHEE
13 BB (S48)
16,17 HSREH (48)

[MCVD: Modified Chemical Vapor Deposition]
3.13 Bell (TR D45EFRAME & V)
(BEXB &b EICEEPER)

DHASAHEILIE RS HREERE
[EIE
f;tii_, [ _.Tﬁﬁ},_,i}“\g;w%; ________________ | NC -
) BEBNEAD
N=F%  BERNIAMERE
. H+E L EOEEED
2)shE{L T HREREH

WS ER

@ r
L4

3.14 MCVD EICE BT 7 1 NEMIERTIE

X 3151&. MCVD L TIER S W72 3R E7 7
A NOBEEREFEFTH Y, BST] (Bell System
Technical Journal) &k @ 19744E5-6 H 5 1248 iR &
n 72§ X [Optical Waveguides with Very Low
Losses)] 2 58IH L7240 THh 5 ¥, ¥ 3.15a X Si0,
7 J v FEIZH W T Si0-GeO, I 7 g & iR S ¥ 72
7 7 4 N DR 3.15b 1x Si0,B,0; 7 7 v FJ§
HEV T Si0, 2 7 2 MR S BT 7 4 N OFFE
THbo ¥rITK 315b Tl Y& L Tt R/
1.1dB/km (@1.02um) %ZitFkL CTWT, £ F Tt
Corning #L D £ BE % 3 L T\ 72 Bell #FFEHr O £ 4 1%
ERICEDLZ LR o7z, 1.1dB/km 3BT 7 4
INZAG L7260 78% %% 1km 6 F T 2 L & B

131



132

L. 3 BEE0AE O RR C ORIAR R 22 DL E T
W S5 i RAEHRMICIEE L T,

1.1dB/km
@1.02um
2dB/km ol 1
@1.06pm

{

[ 27488 723m -\\ji)\’E 500m
M
‘r m 2
o
| ,
5

1 1 L 1
700 7000

8 388

ja% (dB/km)

8% (dB/km)

L
900 1000

50

KR (hm)

a) J7: Si02-GeO2 (17#%:35um)
H3yR: sio2

3.15 MCVD AL B3 RERKET 7 1 /NDIEKEFES]
(BEXB ™ &b L ICEEER)

1
600

o
KR (hm)

b) 7 Si02 (A7#%:18um)
D59 E: $i02-B203

il U 1974 4E @ 7 A& 4510 bl [ B2 77 7 R & i
(International Congress on Glass) 237 ¥ 7 T#H® T
FRCRMEN, RRHDO7H 12 HIZZR7 74 1~ H
HEDXy varhPboi. SOy ¥ a viTid, Bell
WF%EAr. Corning fh. NTT K& WFZEFT. H ARBAE T
EhOEN IS oML TR S NIz NTT KIRWEFERT
OIFF— 255138 FIZ& %5 ECOF & &t f1 35700
T ANHEOREL BFIE 2L G RNET 74N
B D%, £ L CTHABA T2 5 3 PRI &
% SELFOC 7 7 A WM DR EN D - 725, MEF o
TH—FiLEH 72013 Bell iF%E01 D MacChesney 7%
R L7 MCVD #:12 B3 %53 [Preparation of low
loss optical fibers using simultaneous vapor phase
deposition and fusion| T& - 72 %, MacChesney &
BSTJ ik (1974456 H %) WCIRWETwah o
MCVD #EHFHEDZF4 F (K316) ZRRLEDH
ER T 0 2 2SI L72DTH %,

[197T4F7A DEBHSARE (R4 TAR]
3.16 Bell it%2FFM MCVD #i&
(BEXH P £ b EICEEER)

BIFOHATIZ, NTTZE Lo E LT, EREMR
A—F1Z AT&T L oD THRFIZHT 2 2/ %
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boTWT, AT&T £ F® Bell %8 & b KW LY
WIRPEZ B o 720 FEEE. MacChesney (X H#HTD A
I AKHEDHICEHPN O K42 F M LT MCVD #:12o
WCH % LT, %41 —712 MCVD ok
iz HARATOARKNGATERINLT 7 4 NORHFE
1. MacChesney OFEZBNTOH T A ek TR
PO E o7 Vo THMRETIEE V.

5510 WEEE A5 2 53 T D Bell HFZEHT D 78 2K L84
THHH. BBEO AT&T IZ R REN L
BN HF o TOT, T LM ERET L €
DHEMZBA LT E W) DENLT BNz, M55
1Rl 22 v 22012 3 Bell HFFERT SRR I 22 6 2
2TV, FENRMETIA Yy T RIfICE %
#FE L TWw/z, W12 Corning #t DY &1, MO
Ll LTIEAERNLT 74 Lok, HEET
K7 7 A NORELREATERITE, MHESN
Bl BRABRNDED -T2 TDDIT, HABENEZ
PER/NRICED T, 2 7Bz L Twiz
DTHH Y,

I 3.6 UHTEERHIZER

Corning 1 ® OVD #: & Bell #f %£ft ® MCVD #: D
BIFEIC L 0. EADE7 74 SR E LTHRRAT S
A DBENVESHEFIZ 57205 DUF. O THERY
5 ZADYPEIZO VTS T 50

KI2WWHWERCED2AEN T ADEERLT:
A5 TiRE] & [EmEE) RT3, [y
5 ADBEDUGF - 7201 1800 HERFTEASHTH Y .
ZNUHNCIIA 2 RS 2 B00A 0 < FRiNE R
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RREEAR Bt #EUTHZR1E
SRR 50~100 < 100 <1 <1 <1 <1
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I45— < JANIRY
BFFR Type 1 Type II Type 111 Type IV
s NENT N v — N2 =S 2 5Y - e — e
3&14‘7}‘81}:075 YA O@Eﬁ&ﬂaa*ﬁm%ﬁéﬁk £33 AEHSZAOYEEH
L. B{EAREGLTVwS 720, BiRTHERBLICL (BETH® P b & (EEER)
Vo —H ERGFRAT A (KW 317b. 2 TiE SiO, —
ey . BirE 1.458 (A, = 0.589 um)
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0589um) D F—r8 Y MEEERA 2R L7zo TiO,
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km@12um) SI®M % € — F3%7 7 4 N DB %, 4)
MCVD ##H o OH £ + v Al & Hi—F — Nk
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Tid. TP 2 &0 T NTT #2800 o T TR 2
V= FL7zwEEZ 7 GBS RoEHIZER
SN CHEEEMRZHRT, MINK2S TMCVD #%
K HOMRIE. OH 4 F ¥ DILIC % 5 KEHEHAMY
(SIHCL; %) ZBpZ: L7z mnli e 7 o R EREAL Y o 4l
HEREOLREBLICMA T, BEV Ao pAbkE
(CH, %) %ZBE 3T 2REEEOWHTY ] LRV
FFE, B RKIKBFZETTO MCVD #:2 X % Hi—
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ZIT, FTROEBECLTCHEMTHEEZSLRL
720 ZE— N7 7 A NHBMIZBV TR, a2 7ER
K& HEBFICOH A F ¥ 2SR AT % HBITH
S T 7 HULO/NAEFEZ D 51T ERVA, a7
BONSVHE—F— 07 7 4 WHEAERIZE L C
. PRI DML DEES L ELDTH 5o
SHICDIEHEDVTORERK Y I 2L —va ¥ (O
7 7 AN OEBK AT E OH A + ~ DLk
HRROELZYVRES) XY, ZE-FRT7 74N
WCHARTT Iy FENOBBIILAD DK E VW HL—
E—FKT7 74 NOEEITIE. OH 4 4 VLo Bl
DF=DIE W7 7 v FE2b LaT7E2a Dkt (b/
a) Z5MLULEICERETZLENH L] vkt
BBEILENTE, COMEEIRALLT, 51
K7 7 A NOFRNBIHEO M %2 F L ikEOH 2
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VAD W98 V=T ~NERE)THZ Lilh o7, €L
THEVHRICE->TLE I, FEHIE VAD 0K E
M ECHEXT2HF 0. WEHE MCVD B O
778 =77 (WERHRAEFRK) ZH,rICLTLE-S
720 #1275 T. MCVD 67 7 4 N0 THERITH
JERIEED A ERENTWD I E 2l 7255, WY
TICEL ., AL C&E v F, FEHOHVEWEIC
ToTLEo70

I46 B EE % (0.2dB/km@1.55um) B —
. E—RKEX7 71/ \DFI%

VAD I 7 W — T~ REIEW, ZhFToD
MCVD #f %8 7 )V — 7 T D5 O 8B 3 545 ARk K
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CORBETIE, WOICO—REILEBM % VAD T
WE D (7 Ty FERIZEEKEA—FZFH) A5,
ZOBOb/alkids5~6FE (HbVIid3~5#E)
TH 1T THb. QBAK - EBWA T ALOHKIZ, @&
HIREM % 10~20mm O P F TRM T %, @ 2 ]
Ho VAD (ZHEREN—FZFH) THHZ 5 v F
EHWR T AL, b/alkZ I5~18HEICEFTHD S Z
LTE D, OEKREFHOBIK - BWF I 2L, &
BOOMIIE LT, X774 1% H5 %,

D —REAEBHOEH(1EHOVAD)
102y RERIEZE k%) —FFIA
= AFHTYE- 7R 5~6 I«
i

@ Bk -FBBHEAIAL
@ —RERABHOES
@ sMADSY FOE L (2[E B OVAD)
1 =B X KN—FFIA
= GYIYR-I7EE: 12~18
® Bk - FBHTIAE

D
® #®51% — RIS
K538 [2ZX7v7VAD&E] IC&2LE6KE—E—FK

HT 74 INMERITFE

VAD &G BALIE, AR R KK % & ol a2 45
ZHHLZCOT, BEORT 7 4 AP Sh.
DREVEM ORISR L 220D 2. WEEB %
A UCTRE ) Tl 3% & v 72w VAD 246 AL
DFRIZ T 7 A NOENRLERE LTHHN 5,
EB VAD 28K bic L 0. 27 ofFOE2 lum %



TICTFEZ LARVICHZ BN, b7 7 4 N O
MR R 7 FEHERICBWTH, 7Ty M EZILHEIC
T AT TH—E— BT 7 4 N O L ER 2 ik
ol TOHBOIT 7 4 7NlEORRKEE FITHE L
TRHEE o B LM ERBNRZ 0347 5,
B CRarry (FAIAZ %) & 7741
DAL K LTEBBAWRTH 725D TH
VAD &&Hi{tix. FTTH (Fiber-to-the-Home) T.H®
AR HFICDRELSFET LI L IR0 7,

SO, T 7 AN RO RER TS b filiks
IO A v 71270 o TO A YA 2 37105
LI DD, BMORTBALA —5UTHER, LD
M L. VAD &5 bi3BHEfEA4 v 75L& LTo
KT 7 AN OMEE D D F—HICho720 B
T2 AT 1980 SRR BN D D VAD : TOH T A Sk 7-He
B 1g/min BETH - 72205, HHESOHEKE
N—FOFPIZL Y 10g/min L CFTmEL, #
D, BRA—HIZE > TEREZMZ S, 1980 4
RBF1213 20g/min 1EL 72 ¥,

VAD BM o E#EEGRICH) LHICED SNz
A T 7 AR EHEOE L TH > 72 WD
K7 74 BBl E TRETIE. K539 () WCRTXH
2. BRI -E N [H—=T 054 ] LIEN 55
BHOI—F 4 V7547 74 N ZEITSET
BIBR 2 B8 LTz, i8] & M 1E 60~120 m/min
FEETH o 720 FEBEL 1980 4 11 H O KRB ZEHT T D
100km £ VAD H—E— FX%7 7 4 N IE. 20
F =7 x4 7KLY, 60m/min OFEH| & HE T
BHIRBEE 247> Tz,

B K74\ a

(\ {) i (\ {)
| |

(@) A—=TFV54 (b) NEAA

539 X7 7A/NEEIEHOHEIED—T 1 > TRMDES
(BEXH ™ * &5 EICEEER)

ZoH, K539 (b) L) ICHEMBOI—T 1
YT AR EMERE L THE T S (e 5 A4
(Pressurized Die) | HR~NDOBITHITb NI T,
5.40 1% 1980 4R H B O NTT KR FERT D5 &
KEOMEETH 505 MILEF A4 & B/ T

f:% EDEE

Jr4 )\ B

i || 7
| e
! e
e X [EH RS
¢RI MESA
& [ -
. ‘ 7 TN
Wl |
S EnE
i o[ 1]
L ¥eed .
v T4
ﬂJ CTm
e FrIRI> HEERD
1 =5 .
(#R3|EHE~E51,200m)
== 0

wney 90

540 MES 1 2BV -EEARE| S EBER
(BEXH ™ £ b LICEEER)

MROFMIZL D, M5 #BEE X 1,200m/min F2 BE I
FTHELZEY, Z2LC. SHO%T 74 BT
YrTid. 1980 4F 11 J 4D NTT KIRMFZEPT 12 e~
T, VAD BB DK & 213 20 £59 2,000 km &7 7 4
SNHMIC Y | WG] E MBI 30 £59 1,800 m/min (=
108km/hr) IZELTWw5,

I 5.8 #m%EI77 74/ (PSCF) DRI%

ITITGe0, ZIRML 72 RE—FE— 7 7 4
N O 1.55um KA T R/MARAIZ. NTT 431979
AEICMCVD #: T & 5121980 4512 VAD #: TR L
7202dB/km TH o720 €DOH. K541 1TRT L 51T,
1984 4E12 Bell W 2Efi A3 2 5 v FICIi¥iR % T2 %)
Rodbsb7vH#E F) ed@MLiMAEaT7 7410
(PSCF : Pure Silica Core Fiber) # MCVD #: CT/E#
L 0.157dB/km OARIRIAE 2 il L7ze 2 7 RN
WGeO, 2 HEhVMAR I THEZRMT S L.,
PTEH L0V — Y HELIBRPBI T 20 TH b, Hit
WC 1986 4EIid. LB TAY VAD 12X ) 0154dB/
km OMAEaT FRMAEZ 7 F) B—E—F
X7 7 A NDORFECK LY, VAD #:TIRZ LY
B#ET7y BEAEFMAPTMAT LI LICE-T

FARITIBIETL—BEEZ IR
«—3102-GeO2

Si02 /5102

N ...JL.‘:QN

a) IREMBE—E—RETPAN b) #iH &7 774 )1 (PSCF)
(37I2GeO2iFm0) (DZYRICFZR)
L 4 &
+0.2dB/km (19794F. NTT-MCVD) +0.157dB/km (19844, Belltf-MCVD)

-0.2dB/km (19804, NTT-VAD) -0.154dB/km (19864, &% T -VAD)
-0.148dB/km (20024, &% T -VAD)

541 B—E— K771 \ORBOKER(E

BERET 7 1 SERERORAE
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7 v # (F) M2 Td s, HAKETIE 2000 44X
IZA - T 0.148dB/km ~ & R sk & HH L7z s 2
7 I GeO, Z iR L 72 RRHE R~ — FET 7 4

CHART, #Mif%EaT 7 7428 (PSCF) o #iEa
A MEEL 5 H, WHEEZ A LT, REEEE
B —7 VB EoREEREHEICEPhTW S,

CCTCHMARIT T AN LT CB & 72
W &k, 1984 4ED 5 1989 4EI2H ) T ® Corning #:
LERBLOBMORHHRSFTHL o @il ho 1

DIZ, 21 BiTHIA L7z TH - BURRERF ] (1936 4F HYE,
1938 41K V) DAFAED o> THARTIHIEM S N7z 4F
RIS 3 % K E4F #F USP3,659,915 (“Fused Silica
Optical Waveguide”. 1970.5.11 Hi i, 19725.2 % &)
Thotzo HALIZEZL Y, Corning FFif I3 KETIX
WAL L TW2DTH bo

Corning ¥i#Fd 7 L — 2 (JR#FaERo#ip) & [H
PeBILr 4 £ o227y FE, 15wt% LT o
A2 mM LB A F o537 EICE-T
EREhLH7 743 THY., WHEHEOLSED 1T
BRI, (2799 FIZ7 vy E2HRMLAELET
DA T 7 7 4 8B 1 E T — = Y FHAERRICIK
fit L2 Wiz 37257, £ Td Corning thix. fEk
BLDT A AT L7267 7 4 A HMOFER %
RELTWDELT, 1984 FITH A LIED & HE
WA RO THFRER I LTE 2, A ONEK
i 1.7% Corning FFFFO MR % ik 2 THRF T2 % &
FHE i =E L2 2% Ry (1989 4F) ICHEKE
THoMHFE 20, FKEIIE Corning F:IZFIf# 4
2500 Ji BV (% 334&11) %o 7z,

RETOHINEE ELETOT7 74303, a7
WCRML7=rv== %, 75y FICEMLZ7 v
FWHEEWZ, BITFEOELZHTVD, L7zdi- T,
FEMCH—0JET, M-z b, [:J—O)ﬁ'**
REM/TVD, EAREFZLSHRITRETDHD .
WEHEOHYED B, ZO¥EDFH A (Doctrme of
Equivalence) &, FEWHIFIC/2E ZHEN T AT v
KEBMLTIRIEZ FIF2 2 LMo Tuidro
ZicE X, EHENS] LI DTHoT, 22
THEOFEM (%) Lid. FFRECBVYT—E0
B0 b & TR OEM M P REFFHE ORI A3
L AHiPH) 2RI A LEZEDIHEmTHY. K
1% 1980 ER D L —# Y Bk F T 7 87 v MEE
(REFFHEZ 13 Lo &3 2 A I PE HE 0 PR SR AL BUR)
WAL Tz,

— = Y 7L OSSR, BYTEOEZ I T ISR

MAZMZB LWL STHRDHDIEN, TONE
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IO TR T, #TIATTERT 741 DIF
FFTRTBEHBLTCLES. £dZ D, 1960 FERAHE
o CK. Kao RVEEME — b DX O % 2 U,

LFE o Corning #L D367 7 4 7 HEE4FFF AR E THE
VL2 EHEPARHRED S 2 5D722%, Corning
& OREFR S 2 B L 7oA KB T - kiR Ol
fiiA) 1% 2007 42> NEW GLASS i I 52728 W
67 7 4 NERBESFOBSTHEALRIE] 2RO
FETHATVS ?,

[RArRFr o Mg, X AL, “REEFBH, 3R
FHAPET LOFRTIY MA TV, ERE
HOHMBRLERRORKNEDN S, “FFiF i3S
THRABORTH A", “7T AU 2 ORME. A»E
TR BHIOFE L7 AL A3 N2 &8
STHMEICHEEZOVT VD,

FEDSATZ X 512, IEIREDERIZH - 720
Tholz,

ZD—J T, M} (OVD) #1289 % Corning f:
DBPIRFFFITOVTIEHATO MH % <AL LTz
A HARZMEO VAD 32 ¥ L7720 T, HATH
T 7 AN RET S LML T, OVD 4:&0 5
ORI E 2T B 2 LiZhbET & 72,

I59 B—F— K7 74 N\DERDEESMH
: ERES T N T A NNDRE

H—F— N7 74 /% (SMF : Single-Mode Fiber)
DGR A FIR T 205k & LT, makfdk e &b
WRSEHNEDH 2 Y, BN —~E— kT 7
ANDOW G 1L3um 7 TR/ E 2 ). Rk E
DA & 7 % 1.55um 4 Tl RO O H TRz
EDHIRE N Do WP THRIRT 2 54 I 7 1l
kL —¥ (DFB-LD) #Mwviud, HESHOEEX
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RO EEZZITLE)IDTH S,

ZHTHWESME X, EEDP Inm £k >0
ABH SV ZHHT 7 4 3% Thkm (Z4# L 7B o
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H—E— k7 74 NOWESHIZ. 1) MRS EE
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1) MRS 57 7 A NOJRITEBE IR
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XNTHZbLN5,

Rt = -4 dm ()
c d 4

CZTwn (1) Za7oEk, LBEETH



D, AEF I ATIE. A = 1.27um I8 TH B A
Kb,

2) MEREEL CEUEEHH) &, JCE BRI MNICH
LikdDB T EICE o THEL LW TH Y HikHhE
DOFEIZ X > THIHTRET D %0

542 IEHEN LM —E— P77 4 NOWP R
HIFYETH O . MR S B ORI X 0. F5
BRI 1.3um 5if (IEMEICIE 1.31um) & 7% %,

RETHET 525 NTT H#BRRONT 7 4 3EE
VAT DML 1983 FFIZRE AL 2 1985 4E 12 H A
e H % 3E B L 72 F-400M 52 (400Mb/s,  H ik [ b
40km) 1%, 1.3um %% ® Fabry-Perot #I-8E{k 1L —
# (FP-LD) & MW7z R M OAREW % H—E— b
T ANBEYAT A THo T2 TDOHK. 1987 41
AL & 172 F-1.6G K (16Gb/s) & A7 b
BRIF O 1.3um K DFBLD # HHWwTX¥H ¥ v b
HAREZER L Tz F-1.6G O gk i 1x F-400M
LR C40km TH B 720D, FAOM»P DT v 77
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BT REIEA ST,
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\
HBIESE
B8 €
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20 |-
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ANDOESFIEEL 13um 725 1.55um Wil ¥ 7
FEEDBLEND L, ) LHRIZEONT, F
SRR G 7 A NIRRT % B 1.55um 3T
WCBLIDOET7 74 N D 087 b7 7423 (DSF -
Dispersion Shifted Fiber) TH V. ¥ 7 +7 7
A% (= 155um F5087 7 4 2%) 13, 155um 4 T
ORHHZRICHEL T 5,

K 5431250k 7 b7 7 4 23 (DSF) O E ik
Btk &R U724 ¥ o DSF ik, #Ensmozss A
ZROLIDIC, aT7EE/MSL, WETEEAZ
RKELBREL: [BARTF Y T4 v Fv 2 X (High-
A Step-Index) # | THo7=2W P9 L, 2o

1RHESMFD

20 L RRDE

ARIFAD
MRIDER

DSFOIRRIER

E

<

€ i

S R (pm)

%

| TBAESMFOD

il B

DSFOMBIESY AR

2= T T N S =
(543 8L T7 b7 743 (DSF) OHEUSHE

BRI TIE. b7 7 4 "R KRES LD R
EOMETH Y |
DfEBFIAVIE T &
@N7 74 NHOEHHRKE /NS TEH T L,
GFHRECHE N &
(TR R LT 1980 4EACp i {ic a 7 B0 S 9T HR O3 A b
HEOTRIM bz,

X 544 (250> 7 b7 7 A 23 O Ji 3T 36 55 A b 1 )
BRL72DN 1985 4EIC > Ty a7 OHMINIICY ¥ 7
EEUEL, o7& Y7 L0E— FEAEEZAML
7272 ba7#H (Segment Core) | %% Corning
HEVREENRET, 207 74 00%, H—E—
F7 74 NDEAN I THEIIHMYT HE—-F
7 4 =) £ (MFD : Mode-Field Diameter) A%k &
<y L2ab ik z hEdTELMETH 72 L
L. COWBIZHAD VAD #TED Bl
%o 72D Ty NTT KIRWFZERT O BB FE 3 D KAG
IEHE S TR EE# (DSC : Dual-Shape Core) | ## 3%
ERELEY, 0 “BA" ©X) RBITRS %
AT 507 74 730F REEOQOIZEN., 5ol
D RIGFTH Y. 1988 4E1C NTT Ak~ o
120km 7% & sk TH5 A 72 1.55um i @ 400Mb/s Y i
M — T WER R Tibhz, 4 b I
ENTWABLGY7 b7 74725 (DSF) &, Corning

® IZEMLGE —F—FI74/3(13umBNED)

» Standard Step-Index ﬂ

® NELTRTFA /N (1.55umE SN ER)

» High-A Step-Index Il

544 ABC T T 7 A NOERERSHIBE

» Segment Core

» Dual-Shape Core
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2% 1985 4E12HE4 L 72 [Segment core # | (OVD #)
&L NTT 291986 4 12 $#2 % L 7= [Dual-Shape Core
(DSC) #] (VAD #) o 2 HiTh2 s
B, WROSBOWEIZ, U8, b7 74 NIk E
®ﬁ&6200nwx%xﬁb\%ﬁﬁfﬁvnx
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yﬂwx&)ﬁﬁbnfwtﬁ H—E— k774
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I5105§fﬁ7z®$ﬁ®Eétwm$

B 545 £ 511213, AERNET 7 4 N M O=ZKR
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ERL72Y, 22T BENET7 7 AN MBELT
DARRT T ADHKEMEOR I ZWDTHIET L L, P
ToXHcks ™,
@ WHK, LFMITKETDH S,
@ LEFEAMHERE CVD (Chemical Vapor Deposition)
V2ol L 72 AR R SO R A L T %,

@ SiCl, ZREDFERIZ. TV a v EAREEOR
A E LT, MBI ZIHCATTE %,

@ L. JuIr=RHlEmH O Ge lZMA T, EWF T
ZALH D He 122 W TIZTMBI T & 2\,

@ NVURIETLEI LR, FIRAERERTE 2,

@® CVD THEW LTI AR T (rFid Soot =
B 28D [A—F70LA] 12Xy, WY
i (1,400~1500C) TEMHRARRY T A
R TE S,

@ CVD LETAMBL L TEEITREDOI

FEAEOHAF Y ORTHY, HF AWK T

DBERDBNTIRFERBIAKT A ZNZ 5 Z & IT &

. OH A % ¥ HAUKIWICKRETE %,

¢ fHL. MCVD #Tld. 7 F RO HER R
WCOH A F YARALZWE S I, MLD
HEPLETH S,

@ JEITEBIMA F— 82 b (EIZGe0,) 2ED
TH T AMEA 215 % T3WBTHD .
FEDE B L o

@ HBERTTIANTGe R FIFIEHLEEL. 7Y
7 x =25 (BH) L7 7 4 N ORI D
MDA 72, 7)) 7 4 — 2 DJRITRGGH S
7 7 A NDIERIFEZHEETRETH B

® 2000CHoHEMTH., WELMKELDY., 7
U7 4 —2H%F (melt down) 352 & %<,
M XWHETDH %o

B, M545 R FK51 IR Lz ZKBEICHRS

&L XA F— BRI AN 1975 412 Philips 1
XY RSN, D%, Draka #E23%58%K €72 PCVD
(Plasma CVD) #:43% % *5 MCVD 2TV % 25,
AP R S INET 2 BAKFE N —F Db Y I,

WHFOWNINZHAE SR8 7 9 X< T SiCl, 4

EMALEE T, A AWK T 2RTICH T AEFPIREC
BT AR EHRERTH5DDOTH L, 77 AR
VB LTERDT v FeWMT 5 EHWHET
Ho. FoHHIm BECRHETHEERHT LTI X
<F ¥ Y54 (plasma cavity) \2&->TMCVD % &

DLHENA T A E HETHER T 5720, IR

WA X WA A H 5o PCVD i1d. 2 A8
MR T dH B A5, BUHE R IR ITER A A5 B e Bk

OVDiE
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@19724 3

H 5 2 FREHER M‘Z.

7 RULL
Qﬁf(&gm K
no |tz e
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3
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\]C E:> ((‘ ( —Se—
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B 7 AW | | 35972 (%
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