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1.1 RABERKEFEEERD) .

i

1.1 %ﬁﬁmaﬁiv
1.1.1 BHARXEE |

1. HXKiEfE

%ﬁf%ﬂ%ﬁ&%%ﬁﬁﬁm M$$$wkm%%%ﬂ%%ﬁﬁﬁﬁ 4 E AR
%ﬁkﬁf%ﬂmkﬁ%%ﬁﬁ$ﬁﬁ,ﬁ%mﬁw%ﬁk » KBS BRI HETRTRE,
Lﬂ@ﬁ?%ﬁ%ﬁﬁ%§$§§

BAEGEHEAERL:

(1) BEE AL -

Q) BEEEKE, ERMEERRBETIOLNEE,;

(3) EX AT IS, IEEARNE R mEN Lk,

4) EERBIFREEIE. '

B JOBERREMAE K, Bl EANBRE,; #RAEBES, BRI ES
REAFEMRE, BHEXEHTKN, BAARTERANE, BAARTEEEZHHM;
13 JGEE RGBS 2 ER R KK

2. RARehkE%

1881 %%, JURRRTEAHK CRTHAAKSRA TR EETH) 3. BARE
HRET JURRIN “Hdid” o TURMIGEIER UTOBIT Ak, EibE ek ieiT &
HEERAERESNO TR L, SRR UEA R TR R TR A RN 3RS
B, TR B RS SR AERTRTS tbE2 Ao hh . SR P 15 S A R K R A 4B —
BEEERE, A KEMYESER, My R bR — MR, REd
RE—DAHAR, L FERASERUES, A 0ES KBRS RBLEE,
BT R BRI T RGIOEE S A SRR RRR . XA RS SRR RIS, BER
FORKIAEE, MTIsEm 7 BANERE TR, BISAE IURFCRIERE R IERERME,

e e — — vm———



KB .
A IURKIEH ISR EAR RN BEER AR TREHILT X, ELABERT, WKER
i

Bt Tl‘ﬁjﬂ‘%ﬂ]‘ HAREREA Enﬁlﬁ

1.1.2 feﬂhﬁﬁm;ﬁi \ X
JeEEREE, ATHFERNMREDEEFRBIES, —MRAE, B—ARERN
JE, FRUOGEFERRRRE, XAER—EEEE 20 tH 60 4.
1960 £ 7 A 8 H, REMZFHERMeiman) X THF LB —ELTAMWOLE. B
22% H MO S5 B R DG EL, EORERATIRR, 7 FEARET, Yl
TRALFBIR — B, AP SRR BMERM, R —HEANEERE, WHXGHE
BRHATKEE A, RIHORS N HILERREERA T — S p R .
ot THEMR, THRAMRREFETR, BUAREEFHRBIINA. #ax
AEOLREEE, FRHARMEOBCLEHEE NI, 1965 4, RETRET LR R,
1976 5F, HAH IR AE A 7 BB R SHEK N 1.3 pm S BE(InGaAsP) B 38
TURER SHHI0 L SRR B AN KL 10 ARG 114 9), SMESRTZR
1979 ¢, EEAMHIEATLT)A 7 H A B HR B EA A RITBHH RT3

100 J3/hed

1966 4, ﬁ%&ﬂéﬁ%%ﬁ%&ﬂ( C.Kao)FIE 5L #3(G.A. Hockham) R % T X T8N R
# A Al 5’
H 28— 20 dB/km FHMEIRFENCL . B 1970 FELUE, AGHEARUBEEMBRERTRE

1977 4,
KH 155 },Lm HIEESER G+ A BOLR
BSRe, il T*’Jm%*ﬂo.m;cal Fiben) 17 5 BAEM AT REME B R ig e, BUE
A ATH £

TN "

1974 5, JURERZER P T HIEERFENT HUERBIREMCVD), HRIhHHIH T
#FEH 1 dB/km HIXEF. 1976 $E¢Eﬁ?ﬁ%iﬁf\ﬁw’fﬂtﬁiﬁzﬁﬁaﬁﬁﬁ+ WAETHER
0.471 dB/km. 20 42 80 FAR)GHE, JLFHRFEMES|T 0.154 dB/km.

HTH TEARAFRN SRR M%ﬁ'ﬁﬁﬁﬁ@:&k?ﬁﬁkﬁmm&
1976 4, FEFETE L K(Atlanta)i# T T A LS — A LARFELERENRT R

» REKHA GaAlAs BUGBRIENJGIE, BEEAENERNE, EFEH 4.7 Mbls, 55

1980 4, RERAE FT-3 Ju4TilfE E%&Aﬁ.ﬂar“ A, %%%mﬁfﬁﬁgﬁﬁ'ﬁi’ﬁ
MEXERRERTRAATRAEILTSR, FE2 MM, AHEKE

EE%*’J% 10 km.
HE K 44,7 Mb/s. i
1976 £ F1 1978 4, E$%Fﬁﬁ?i§$% 34 Mb/s, %iﬁﬁﬂé%ﬂa 64 km B‘JM&B@%&
FABERGE, UAREERR 100 Mb/s KB AR SR AT B S RAN R
1983 ¢§hﬁT»\ﬁ HARILRER KR TR, 21K 3 400 km, FIHAEREEN 400 Mb/s,

5><104kmo
Fﬂé#e?ﬂ 1.6 Gb/s.
1988 4F, @, H. . &ﬁﬁi?%—‘%ﬁ%ﬁﬁ# TAT-8 WENXHEE R4,
K 6400km. . _

=




1989 SRR T 5 — £ WEE K F ¥ TPC-3/HAW-4 BRI HMEE R4, &K 13 200 km.
M, BEASEFRRANBRED T 2ERE, RETEREEHNHRE.

1999 4 EAE =] 8x2.5 Gb/s WDM RN KAEH HEKEFE, MELHERER
32x2.5Gb/s WDM Y4l (R R TTiE .«

2005 48 3.2 Tb/s AR BIINLFARE REE LETRMITE, X4 uﬂﬁﬁﬁéﬁﬂﬁ
SERERER .

2008 410 B 8 H, ﬁ%ﬂ#ﬂ%ﬂ%ﬁjﬁﬁﬁBﬁ%‘ﬁ‘iﬁﬁﬂb/s)@ﬁﬂ’ﬁiﬁﬁ%%%—%k
- B IA Y628 R Gi(Trans-Pacific Express Cable Network, TPE)IEFNITiE. ZAKE S RE
BPEBEELRE, EAMEKEFFIESRFEERLRNSSRR. TPEEETEARKR
HEMK. HRMEE, HHELR. B8, #K SEEFNEERHRM Nedonna &
i, PI% BERBE KL 26 000 AR, RARKNVIAEEREN 1.28 Th/s, Wit AR N 5.12 Tos,
TPE —HTRRERL 5 (2%t feAN 1920 T ARKELR, sREAH S TFRIKNEE 16 TTH
HEEMGES. BTRATYURARNSHEMFER, TPERRERATAERETE
] 10 G WK EEMA L RS, AUPHE, NLHEERN BB AFEER.

A BEEAN AT ERBA BRI RT EGERRM. SBFERE 40 F1
KHEER, BARWEF®RNA, EREEHRERRE, NATEAET X.

HABEHRBETH NN, TR=H. OIAPBN: )

FE—B(1966—1976 £E), LI T M EK(0.85 um ). K45 B 34 Mb/s) BN E
BRE%, THHERMIEEL 10 km. _

FE M B(1976—1986 £F), KA USHER BB L, THEBKLAEE0.85 pm )X REE
K, EIMTHEKN 131 um . M£8EEN 140~165 Mb/s BIBRBOLAERRSZE, LT
BAEHIFE R N 50~100 km. »

BB BL(1986—1996 £E), LT 1.55 um BEINBRBRABHFERSE. KAIMEH
BAR, EHEEAIE 2.5~10 Gb/s, FTTFAEREEREATIX 100~150 km.

VIR BL(1996—2006 £E), FEMRAMRALBETER, Flwm, ﬁxﬁiﬁﬁ&ﬁﬁ
AERBKERENCNTREHEARS.

AR TR IR RIS 8

F—ARITHET 0.85 um FEE, BRKBFBFRLAN 500 Mb/(s « km);

BARTHETF 131 pm PR, BRXERERLAN 85 Gb/(s « km);

FERTHET 155 um BB, BREHFFRLAN 1000 Gb/(s « km);

BIVRR SRR B I 2R S, RESASMEKERBARN NS R, BAHEGE
B 214 2 000 Gb/(s * km); '

BRI F Rk B S SRS, u%ﬁ%ﬁm&*ﬂ&ﬁﬁmﬁ*@éAﬁm%ﬁr‘%E
B, UHBAAER. EHEENRE.

HEA 20 42 90 EAR LU, FEF LA HESE %%v&ﬁ&?ﬁ*ﬂ@k,@ Eéﬂﬁm@mﬁ
ET%_R@FF@—Q%&FM&%B@@@




5\&5‘{-1&1"

1.2 ﬁ'c*:FJET"E‘JEZM‘EEw

%4%%&@#@%&@#@%%&@&:%ﬁﬁﬁﬂﬁk@lﬂﬁT%ﬁﬁmwﬁ,
BRABRBEEEANEEEZ —.

AL A MRS S KBS T AR A EER. Wuﬁ&%ﬁ%,u%%ﬁ%
W RES AR A RFEE. REAREHNAL.

FEF R RSP S e 2 B SR K B BR KB AR EE T

 C=BWxlog,(1+SNR) a-n

ﬁ¢,cﬁuﬁra%ﬁ ﬁuﬁw%WMw)BW%%%%%amrU%Wﬂ)&mx;
fEmELL.

é&ﬂﬁﬁﬁﬁﬁﬁaﬁﬁEEEWﬁﬁEw,K*%%ﬁ%ﬁ%ﬂﬁ%ﬁﬁ&ﬁ%
EFRNHZRER. FSREMNRERETHE, FIRANSIERE, SE0ERERS
K, REREBERRE BB, .

%%m#%ﬁEWMEﬁww%ﬁﬂm§&%ﬁT ﬁ%ﬁﬁﬁﬁﬁm%%ﬂuﬁ
R AMEBEE THER 10%. ﬁﬁ%%%ﬁﬁeﬁ%%%%%%ﬁﬁw p et/ Az L E S
FHEEFEANARERS, BNLEEFRUARS.

1.3 SRATEBENIE

%&%hiﬁ—gﬁ%%mﬁiﬁﬁﬁ%ﬁ%%&ﬁ jﬁ%ﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁ
BRERERBRRA |

1:-;7 : ; (1-2)
A, A AHBENEK, BKR— MBI R AR A A RARALK R IR,
¢ heBAE B R AR RERE, AR 3x10% mvs; N RREERKIARE, HEA LR
2 A5 B B BT R TR (B0 R A ) R S

T AWK, WKHEHAMAMLEHK Qpm=10"m) . 41K (Iom=10"m). &
(1A=10""m),

B R R KR B, M 12 TR, BRI — R AT 105~
10M Hz, X$REHIEKY 10~100 000 nm. AT3E— B HOIE . T RAEI R,

LHMRBIBEKA 0.76~300um , X — B BB L AR SEFR ] RADER B KEKE
%, AWANBEES 0.76~15um MIELS. WkH 15~25um KA AMIBK D 25~
300um MEELASh. X—WRNES TERTARERS. L5M1T. B TFRERRIF¥. H
BB S A LB % 0.85um |« 1.31um & 1.55um , EBAFIEAIHE. &
HR AT L pm BASMBKRAEEK, BRT 1pm BOIMNERFAKE K.

w““‘-‘.




B1w @ip

£

e K

s - IR
—1um =] BILER

| 100 THz ViEa A oesm )

| oTHg | oMM diashey
100 um _|BLLIMER

—1THz h_“ml_y%*ﬁ

- 100 GHz o S P(EHF)

| 10 GHz 10(;nm TEku(sHE)
I mm ——

— 1 GHz . S KB (UHF)
—1m —

— 100 MHz i K (VHF)
L 10m

— 10 MHz 529K (HF)

1 MHz J;—lOOm ﬁT:PW(MF)

E1.2 BE#EMiEE

AT LIEH B 0.39~0.76um , X—BBBR NREERT LTS, 4 EARIE
AR YR B LRAT « FeIeAT LA A 2 BOBTR( He-Ne SOt 58) S35 Wbk B A S 60R, & I
S8R A BR AT LA AT 6.

FIMR BT 039um , X BAIEK HABR SEBR T REG B K BB A%,
XIS SR R TR
1.4 KA BEMESFNRS

¥ 25 RRAS YR AR 1 SRR AL 1 2% R RO KBRS, B BLAT RO LU AN B AR S S A
. BRTEEE T EWOMR. 51982 S, RABSRERE, BT AN
FIPENbAL, EFRERE 2RSSR FF. TRAEMN, TRESKEHBR T A, X
FEBELEMB THALMEH. A2 UL R KBS M UREB IS 5N
. BHRRRE RO EETR, REAASAANERFM AT, AHOT
IR A -

() HEssinesE, BERER. BAERERLLANEREN, RN BRBOEEE
%, HBBATREOMEGY 101 Hz), BEAFEHRANAREAR. HirRgoasm
THESRA 10°~10° Hz, MBcEEMTIMEY 10° Hz 24, PR ENSESEREA
BHMBEEGERET 10 5%, LLRAMEMESER T 100 F1&.

Q) HHBEB . FBRAERBIRE L B BE, BT E KR . J4F 2 1.55um
MBS DR AT AT 02 dB/km, THE# A 100 GHz b b, Fech4kEE Bik

100 km PA k. T T/EZE 100 MHz E@H%%%ﬁ#ﬂ@%&ﬁoﬁ%&%ﬁ 75 dB/km, Frhgk
FEBIANAE Skm K6,




B) BTG NR, ERE. AFEEREEETHRARG THERERHI RN
HETH. SRASARETRNTERRRESE AN IMNER BB, BT %SF8Hs
REHSEE, BASE, EMAS4AGRENE, SR FEEHEZ MR ETFE.

@) PURH. WERR. KATEERT, HUSEHIAeVHAREELHIE TR
EE.

(5) mER, £4, HER. KARRRE, RETWL. K. S5, BERN,
AR A, AR, REEEAEEE EROSHSRIOLE, AR Skg £
A, AEFAWERIEN RBCHRE, T UNATEOr RRR G RA MR TR

(6) RHBMR. HTFARARMIMES R, BEHEBRNEMLEHTHN, EHik
EE R R

() BRREES. AN EMRRRED(EERS N Si0,, 4EAIA 99%LL ),
FRVEMR EBFETEE. 1 kg BAKE SR T RE] 100 km BLERES.

HIEFHRE—A W, RFREFFSMRA, EMRERE, (HhFEEthE —tih
A, HELERTRS.:

() FARER. RANERTINBREREATHNIAEE. HL, AT hAEE™
SRPREFEREMBR, 2NN ALENT I, ATIEEFRLFRRR
BIEHE, XRERAFBRAEZITHHERERE. b THRIRST, EXHFHETREBT IR
FA—RFIRPER, WERFREFTRT, MNREE: EXSENHELES, #in
RRBTRGH; EXRENE LIRS, aXWIRHNmEsN Tt R, FRFEE
AZHS. :

Q) A EBRME. BEMBFHERRED, HREANLELIVZRITHE. BT
FRABRARE LK), MZARBERER, FERREE TETERNY
(1T &.

1.5 XA BERIRFEN

EXFBRERET, BESH=AHREDRAREN BBV 6Bk, 1.3
FimRATERRAR BRI, BERANERBUEHEMR. WHASBEESSE, EART
RIXSE, BTRABDETH. UARBIEHRBBRES, BESEEAREN, JHREN
BRESHEBOLES, BERFMGESEANE . SESEARTERDILR, Sl
PR EA A S RRERES, 85 HETRERMNXERESHITLE, BERFRK
HEHR. WARBEES.

JeRIENL B BEERD . KRR CIRA A K. EWHE@%F%&&%%F% %
R AR EIETS SHEA LT :

SBAHLR B RS A 4 mk%%ﬂﬁﬁﬂﬁ& HAER B ALTERBNES
BEBEGHHES.
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o 4k 2% 7] ks |
Pyt S 72 g H Lk s Ax
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| Dt BbL oy il e 21
LM et fith

77 s
B 1.3 XFEERGENERNR

JCETHERR BOLETNE . M NREB R R PABREER. AT DRBE R
%), HETLIREEEN, SUETHT, RERTER. dTHE. SHiRSER, 84
PR HRAEFE RIS Oh 2 km — 4, TR KR SR M AR 2km B,
8 2km BEEALARB W AIEERK. RERBEKET A, ENEEE
Bidl. BiRSH. AL REFERTRABMNFISIABIEN, BAEHPRAETMNL
B EHR, —RREERREVSEAR. TSRS TIER TSRS
FeR kA LAk, MEERANRS 5B PRLLT.

PR EEATAMEAFE S BT REBAZFTRARNER. dTOLERHRFENHAER
%T%&%%%ﬁ%,@%%%ﬁﬁ%ﬁ%ﬁﬁﬁ,ME@@~%%E%MA~¢*%
2. BHTRAHRERK BT BENPAEREFLRERS. MEEFREL. Bl
2.5 Gb/s BEOBLT K KBS R AR ABE B A 153 km, SR P 4k ER B B LS,
KRR AT LA AT B R R B 4R BR M E, AT RS EAFH T RENEF . +
Bk 8243 S B T R SR FI G ch 2k SRR TR SR B Rh . s P4k BR p BRI S RN R, Y6
BRHUE CEBRMCA FAERPBEERIILES, HERBEIBES, RENBRESH
ITHOK, BREESHEBERHEZXRIPRRE-ECSHNE, BERets, R3E
SHROKHMEBR. MR aRELEEs mARENY/HE. B/ ATHRSMNESHR
Ho e geasth ek s, B ERE S BERINE 5 RGBS BB 4k
SRR, UWABIKEREFOERN. Hil, ABRASAEEBEALHKEEDFA)
EESERMLRE RE R ZH.

AT UMERMB T RS, WTLMERMERGES. AFERCHK ZNATHEGMN. 4
RSN BT BRI SN, FRBEMMATERMSEMN. FEbSstaEANSE
MR LT TR TRAAZMMBANE BRE, RYAWHATANANEEHR.




