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Abstract

Fiber amplifiers with high-power, big-gain bandwidth and low-
noise figure are required for their application to DWDM sysiem, fiber
CATYV system and space laser communication system. High-power, big-
gain bandwidth, optimal parameters and low-noise figure are becoming
the goals the fiber amplifier pursues for and the focus both at home and
abroad. They are also the hot topics today in the development of fiber
amplifier. This paper makes an attempt to explore these hot, difficult
and key problems. Erbium doped fiber amplifier(EDFA) is studied
theoretically and experimentally in this dissertation. Doublecladding
fiber amplifier and Raman fiber amplifier pumped by double-cladding
fiber Raman laser are mainly under investigation theoretically. Several
key problems of space laser communication system, especially the
application of high power fiber amplifier in transmitter and low noise
figure amplifier in receiver, are also studied.

First of all, EDFA model is set up by using rate equations and
propagation equations for signals, pumps, and ASE. Experiments for C
band EDFA have been made by using 980nm pumping and 1480nm
pumping, respectively. The experimental results show that output power
spectrum density between 1500~ 1600nm agrees well with calculated
results based on the model. EDFA noise characteristic is analyzed, too.

Secondly, EDFA designing software is studied. Low noise
preamplifier is designed by using optimization method.

Thirdly, the effect of different inner cladding section shape on
pump absorb efficiency has been studied using ray-optics. Some
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instructive conclusions for double-cladding fiber designing are
obtained. Pump methods of double-cladding fiber ampilifier are also
studied. Dividing the fibre into sections, a novel semi-numeral
model for double~cladding fibre amplifier is set up according to the
principle of photon balance. Then double-cladding fibre amplifier
design has been optimized according to this model.

Fourthly, some key problems of space laser communication are
studied including the selection of working wavelength, laser and
modulation technology, as well as the calculation of optical link for
inter-satellite optical communication. Two experiment designs have
been studied, which are about MOPA transmitter using high-power
fiber amplifier as power amplifier and the receiver using low-noise
fiber amplifier as preamplifier.

Finally, Raman fiber amplifier pumped by double-cladding
fiber Raman laser has been studied. A simplified theoretical model
of double-cladding fiber laser is presented. The relationship between
multimode pumping power threshold and fiber length has been
obtained according to this model. When the threshold pumping
power reaches its minimum, the cavity length of fiber laser is then
optimized. High-power output of Yb*doped double-cladding fiber
laser is injected into single mode frequency-shift fiber, through, and
the energy of pumping laser could be transferred 1o the expected
wavelength in cascaded way. The times of cascade are decided by
the quantity of frequency-shift and the expected wavelength and
they are realized by the number of fiber grating. The conclusion is
that High-power double-cladding fiber Raman laser can be the
appropriate pumping source of fiber Raman laser.

Key words Erbium doped fiber amplifier, Double-cladding fiber amplifier
Raman fiber amplifier, Space laser communication
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R LAE. EREEMRERZE (BTRL) T 1987 £HK
HOE T HBRE RS, BTRL BTN R s g S ks
MEFEHME T RENER T, BEEMOREZH R T #H/E
FARBOLSE DR RN AT RO S FIBUC R, HoAbAE X M40
ARSI ROFRIAEEFEENEMBARKE.
NTT. Hoya. HAMN=3%. ¥EAM Polarcid Corpration. W15
KEEF GTE 5. B 20 42 80 44K 90 440, L
MEREMELTIR AT, L REMAREE. K 46 B RECIARE BFSE
Bi S8R m R BHLET MR, FofEFE RS, JbEmRE
K&, R BEP T R BRI A IF 3G T OLeF R iR
WS, FEAE T —ER RN RR.

St B AL K G R AR, AMERESE
FEHILEE AR P RIREE, BN P SRIEE R
R, BAMN—EERABER. ARKSEBIRXAE
RRBERREZ —. RBRRSHH UKL LA S
fREEK. CATV MW AL HMA LS R KN—FHEE
Ry Ay

FEHOR B B OK 38 (SOAY N L £ BUK 85 (OFA) B
K. T SOA, HTRE FHAE. WM. 0%
BWH%EEE, MR LE EDFA. ih4h, SOA WIESHIEEL,
WEE mESR, ETSCRN. Rk, R, FREEK
SEMFNEASES, BENERE EEHTIES LM
HFRBRERE, B BT SHEMETEEMLER
BREFA—GH, ALREDLRNSE, FERB®, HEs
SAFAP. OFA AT 1550 nm B4 A B L Bk 58
(EDFAYRIRZ R T 1310 nm K #1548 28 5 S 09 B 4F UK 88
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(PDFA #, NDFAMA Je i & FEF K25 (SRA). EDFA R
¥ % 980nm 1 1480nm, PDFA R LB £ A 1010 ~ 1040
nm. AFTESE, AhEMEMBAMN 980 nmLD # 1480 nmLD
BRERHLHE, Hik, EDFA HEBILEHNERE, DLWE
k. Bsmik. HAR OFA {EFEMRYP, RrE8kid
THEANW R ES|EKRERHME, KIHFEDH 1010 ~ 1040
nmlD MM RER SRR ¥ T HL. FRi.
EDFA AR BEBRE, BEARNEEERKRE bE S RIEHM
Jo PR FE R A KO A MR EE R, T BN e R S LA Bk
PR EA U RBEY KK S E HWDMYEERANEHRE
N EARKAEHER.

EDFA $ZSBEE R H - A TIEB A S (Booster), HIE
W Fe B8 (Pre-amplifier) #0145 B i Kk 85 (In-line Amplifier). 3% 5%
SHIR SUAT 4> % 3 2@ 45 ) EDEA #1 CATV F] EDFA. EDFA 1k
YIEEH KR, Bk EDFA B KB . SRR SRF. &
EDFA {ERIE KA, ANBEFBWILREE, K EDFA 2
KPR 7S 28 44

HEHEFENDERESL (DWDM) EERTREBNATEBENY
HHRY. /£ DWDM R4, M BKEHELIEH XEMSIT.
EDFA 52 fA B E L RER B B3ish 7 DWDM REM R E.
JEAEN¥, DWDM HRCEHBRER. HNEKFHHRRES
AR EAEARRAKNEREEDIE 106 Tht/ s .
DWDM #HARZ A &RE-+2a0E, B TBEsaocssnt
AR RS E R AN N . 124541k, JLFHA K DWDM
4%, AERERBEAEL, CRMAHRENER THEFHARE. R
5 DWDM ZRSER A BT LML, H—2EAE4 KL HE S
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