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(57) Abstract: An optical fiber, an optical amplifier and an optical com-
munication system, which are used for solving the problem in the prior
art that noise is increased when gain flattening is carried out on an opti-
cal amplifier. In the present application, the optical fiber can be used for
the optical amplifier and comprises: a fiber core doped with rare earth
and a cladding. The fiber core comprises a gain equalization unit, and
is used for respectively amplifying optical signals of all wavelengths in
areceived combined wave; the gain equalization unit is used for equal-
izing gains of the optical signals of all wavelengths, so that the gains of
the optical signals of all wavelengths emitted from an outgoing port of
the optical fiber are in a preset range; and the gain of optical signals of
cach wavelength in the optical signals of all wavelengths is determined
according to the ratio of the power of the amplified optical signals to the
power of the optical signals before amplification. Namely, when the op-
tical signals amplified by the fiber core doped with rare earth are trans-
mitted to the gain equalization unit, the gain equalization unit can equal-
ize (i.e., flatten) the gains of the optical signals of all wavelengths, thus
achieving gain equalization of optical signals without increasing noise.
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—F R, RARAKRBRRBE R A

APFEZRT 2020 F 4 A 8 BRRTEE Kei2 S5 . ¥iF5 4 202010277671.8.
KL A “—FRG. RRKBAKBIZRL” P ESH P FHHRAER, L2HAE
Wit 5| A EARAPIFF.

BAATK
AR FBRAHEAMK, LEFRFRL . RAKBRARBREZA,

HRBEA

MEBIEHRARNE R, BEAATWHATIBREXIEK, A, {22 4%0ME7
BEArR R T 852K, RS AA ( wavelength division multiplexer, WDM ) .i&
1245k b %), 1% WDM RiB1E R sd, C ey i g iRsB s 7/, 4
B CRBZ MR ATY B, BT LR BARS P BB A KB, RATRGE LK
B

£ WDM B 24, BH ALK KE (erbium doped fiber amplifier, EDFA) &%k
& 6y B4, BT EDFA * RE k& 6 0AZ 24 RE 49465451, B, EDFA &+ WDM
RBE AR OERKORET R FATRR A, WRFR—BITHE L7 EHRBE,
143 %A WDM X815 R Go 4L T 5.

% T ARAE EDFA 1 th 0 30K /5 6 45 5 693 B & F289, 9% 24 EDFA # o34 i
P12 EIERE (gain flattening filter, GFF) F &4+, {28 41T GFF F &4 F A @A A4
(insertion loss, IL ), IL &3 EDFA %%k B 8 K. 4 512, & 2R I54 % 49 GFF 5, EDFA
S P

KPR %

AR IHRRBE—HMAL . ARKBRRBE AL, A TERERAKXEGRSE T
T, ARARKREGIE B HATRE,

F—rd, ARIRBATRE, AT A TR E. TR QA QMK
ROFUBRM LGSR, QRGIHF N THEM LG FCHIHE, BAMHL
WA L QAER RMHE, ¥, R LGSR TBKE AR T 69 B K ek
BE R ABATAK, BB ETN T ERRAAT T 0938 A HATHH, AP e
40 4 h 0 AR AR SR A N ETUUEE, SRR AR S b BNk e 5 S
G938 5 R ARIBA KB 69 A5 5 49 5 B B A K AT 64 AT 5 89 20 49 WA A 49

AT EH R, BRI LOEST UG EERGREToABATHK, AKGAE T2
it 38 A BTN, 38 B I ETR T AT SR K 8 RAE 5 0938 S AT I ( RARA 240 ).
Yo, BRIZRT G RARERE ZFIAIG B ROBSERGAE T E, AmT
PAE TG e B 49U, RIS A 4,

H T H— PR RS SRR BRRE, BRI BB TESRA L
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HEEARMAE., EATaRGERFT T, HBAHHETAEL M LGS Legtedbie
B RARIEIL M £ 09 47 5 09 BPGE 849 R R BOMUE T BT 649 B0 B S At B 64 FRIROR
T,

E—FT e RIF A ¥, 38R YL EART A TAHRIE AT 98 KB B 5, &K
k%trﬁ%@»#k%ﬂﬁ%@»%ﬁrmt@ﬁgﬁﬁéﬁm

AT b AR A EAL B Z ARG A KR, WA HBE A T8 R G 580
FRBIEEE.

BE—FTR I F X P, BAHHEAT O M MRELRL A, M A KT
T 1 e, ﬁMk%lﬁ MAkﬂ@t%tWMi%hﬁ%& P EN e
B ENGE G, dodt, A TH—FTHERARKENGRE, ME, wREEELT @,
DRGSR T3 A 8L AR B AT H a3

i —, MA&H%t%tw¢&AkH%t%t%%ﬁ&u %5 FA 69 BB
B HEANE], B M ASK B HRA A R R EZ A T R R RS E, BiE M A
KA AL S, THERBBEFZG A M, 8RN0 B354 L4458
—ZRKJER, A E I R LR % AT 8 KA K B 438 B AT AL,

FE—FT e R X ¥, BB B A6 R T & RGBT W /M.

E”ﬁT“%?%?&# K B B FARTT A R AR AL A

i, APIERBE—FHAKRE, ZARKEBETOEE S —BAKREH, £/ —
ﬁﬁk%%Tb%iu% FERE—F EAEFPRG . SRR FRRER. RER
A hRABE, BV, kB ERTELEAKORES, FEarits &%%%ﬂ
ﬁ&%%ﬁ%;%ﬁ%m%ﬁ«ﬂ%ﬁ%ﬁﬁt AR B THRFE RS K HAZT
BRHBAK, FHFARARS IR, F o RABERN TR A RS AR LR EE
&K RIE T .

%%iﬁi@z‘ik%& BIeAh LG T AT & KA RAE T R BATAAKR,, AR KA RAE

W B W BRI, B YR T USSR KA RAZ T a9 BT (TFARA P
imm dogk, EZRAKRBEF, REZIIAITGBHRYHFERKGEST, A@TAE
RIE R A OLT, FILIE B .

E—AFTRGEINHT AT, F—RAFBERE RABFRLATRBERKEHET
%&ﬁ%%

ZH5d, KREFRE—FRBIELRL, ZARBEALATORE LA —FHRE =
@&aﬁtﬁkw‘ﬁ% SRR R, AHMBERATORKKBELMNLEKGRIES; I
B TEMCR A A K B Hr i 09K B8 A )85 09 8 K 25, AR EIEAY
BiG B R K RAE T H A BLE T

FZFETARBGEARKRTAAR LR F 5 @b e9F AL, i TR
FHATE.

P P B

B la A AT IRREGG—FES THRAFNNLTENR;
7

B 1b A K 5364 —FF EDFA 69 KAES 3% 569 T & 18 ;
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B 1c AIA FHAK P 85—+ EDFA 94 +F B,

B 1d A IA FHARF 49 % —FF EDFA 94 # 7 &F B,
@hﬁ$¢%k%%*ﬁl%EM%&L&&&KE@”T%NF@%T%@
B 2b A AW iE 3R ALE B —FF TA/E EDFA /£ L R BE RFI3E % T 69 NF &+ &
B 3 A KPR — A RA s 2= F 1,

B 4 h AR R AR — AP IR B0 T E

B Sa A AW R — A BB EALLT S LWL ESH T E R

B 5b A AP i A0 — AR5 e AT 0 41 TS e Bl T B

B 6a A A $iF R —FF M NK B BRG RAE LT & Lag o = & B
@%ﬁ$¢%&%%£*ﬁMﬁkﬂﬁt%t%ﬁ% Lo HmmER;

B 7 A KPR AT R AR TE

B 8 A A9 iF R A6 —FF B R R S5 %kﬂ%t%tﬁ%ﬁﬂu (XA TER,
B 9 h KPR — R AT ITH B EMTEH;

B 10a H K ¥FRARG —F AR K B EMTER;

B 10b A AR iR — A AR K B LM T EE;

B 11a HARK¥T &%%*ﬁxm&kéﬁ»<@M£%nw@

B 11b A KR iFR G — A AR R K S RFZN X EZTEH,;

B 12 H R4 k%%”ﬁik%%%ﬁ%T < H.

PR 6T K,

PATE, AW IE T 6980 R iERATREDL, DT ASUSREARA T R,

—. KKK B (erbium doped fiber application amplifier, EDFA )

EDFA #) TR LT LA NETHRE. R TEY: A5EAY
(EDF) ¥, 8B TH ZAR%E, WA lafi®, TOMARGTET —HHE5 FRamit
FER, A IRELS, BRI AR 2 REARL, ATFPMEL A 3KRERE
A, RRERS. ARFLGATREF TRAIREA I WRETLN, 5 FRKREL
MAEBFEIRA L, BFRAALTBEY, B8 TRREDI A 2. wRIAHL
EHORTTTRALPMEA T ORTL, UATRAL BB THREILS, F2 5

IBAL, BRI S REK. LA, AT ORARD TR TN
AT, Bk, A TR EDFA 69384, TR S RAAARAL, HESHES TATH
PR FA S

=, WE T

tﬁk%%ﬁﬂ(&m)iftﬁk%%ﬁk . VAR KEH EDFA A6, & T
EDFA 88 R A REZ 5 AT B REWRGIIE I, @R EofE%. EDFA #9404
HaAFtEE AT F oy R X, MEARKKE, FEELGINFTARITFSHEHE, EDFA &)
¥ #H R LR Y, T3k 45nm, PP EDFA 3 RF kK64 RA5 5 A 0938 4 KR, AP

BT EAE A W) R R, B, F B A KK RAE T a3 ATIE B 98,
KA CARA B 3H P19,
P ig 38 3 -1 38 % 48 2 KA K B3 K G 69 AR KA AT 5 6938 B2 AR R 49 RARUL 49
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Bpi% s 4% P42 4g, ek, T3P E ARG S/MEEREAR G E. Wl 1b AT, A
A HF AR —FF EDFA 6938 #3569~ & B, 238 A5 1530nm A= 1555nm Mg 4 F1 A
— /N3 0%, 1530nm AR 6938 F0840 K, K29 Snm; £ 1555nm Wi 6938 &% AR st 3e,
R4 15~20nm, EDFA 8938 3 P38 1 2% X F 438 38T 1K.,

Z. ¥ P4 RIRZE (gain flattening filter, GFF)

GFF 4. AR 438 B 988K A, A TAEKZAKTHANFERTFE AR GEE, @7
GFF 5 KB —#AEH, AR KA AT TARLA AR 0938 5. TR AR K B 4938
RIEB LG FALIE, AHEAT GG GFF a4t & (A ZRBHK ), RERTFL
& R4 GFF ¥ E FTAH G AAKREF.

4wl lc Fiw, A—# /£ EDFA NIELR KB4 MTER. % EDFA 7 35K
RAFA LK M. B 1c vh EDFA W3NG LR JEK B4 GFF, EDFA .45 S1 4%
K& M. GFF #= S2 BAKLEMA B, ¥, S1 BA KM A GFF 2 78 i 455,
GFF 5 S2 B KMz b Tidid k%4, BT EDFA THE—MREVHSHEAR
), 4o 19~25dB. & 20~32dB %, # T #%iE EDFA #r i 693K K5 69 %42 5 6938 35 2 F-3949,
BE RN GFF REBENEKAEFT A, #H—F, HT DHmRERELE, TE
GFF )& BELT i Fo3h £ 3 2% (variable optical attenuator, VOA ), GFF 5 VOA Z [a] 4.+
SRE T

—F, BTARKXEZGOAE LR LR, MMEFEMBAKRLEMEH B
BIEF TS, BT T R, N E BRI S PR KM R H R BHKE R, LI,
AT AR BURE, BT HF R K E P X 49 GFF 49 %545 4%] EDFA # %
BAKLEMZ ], BPH GFF 898 R B JA¥ 4 A4 GFF1 8 X 884 GFF2 #9 % B fi. &3k
&, EDFA ¥35A GFF1 #= GFF2, #H#AMA 1d, £+, GFFl ¥ %85 GFE2 43 8,
182 A 29 % -F GFF %9 % R R4

. HEAPAL

EABALR IR AL d TR BN E L R BRI, BriG
NARFEE TR L B HIEATT AR LT )R 5B F — A& LATEIF s &
AN h A5 bg e, 44 Eid B 1c #2 1d, EDFA ¥ E GFF 4G5 FT 5| A2 6930480 4
FENIRFE.

A, K4 A8 (wavelength division multiplexing, WDM )

W AR RARKE AR A TR KA AT T (BT 3L ) ELERE I
%R (ARSI 2 (multiplexer )) JEAE—A, HAEF|RAI G B —AR KL F AT 4 69
BAR; EEVGE, 2MAME (FARSKBRARE LM B, demultiplexer ) H&FF ik K 49
KBAS B, RE GBS —F LRI RIS, AP E — AR B B4
AR L8 RFR K RAZ T 8RR, A RS LA,

A XA T RV AT g BB oG — sk RE R, T EMNEARIFT RGHEARFIE,

AR BOGERETALE BH BB e RZ T 0938 4, B F B BAMKBER B3
FeagRrh ., A TIETH E£6995H, dF A KEH EDFA A #F5L8H .

El AT, EDFA 4938 % -F32:8 F 8 W F R F K. & X—, #it EDF 49 KJE38 518, 1)
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4o/t EDF ¥ #2235 2 i, 4o45: Bibde, 2% EDF 4957 Fibde, 2 E EDF 6944
Bi, wQRMTA. FEGTAS; Fikde, MK EDF @AFRM, o QRGIAE,
b St %, F X =, /& EDFA W45 GFF 58 F £ 38 5 Fraag B4, 2 Fizs X =
64 M A3E B HTR R AL LR e BB 1d (918, A RBE LR,

EDFA {25/ 38 38 F AR L —AN%R 7 % %% (noise figure, NF ), NF=10log;, ZZi::::zZ
EDFA ) NF /£ C B E4F, i@ 4 3.5 ~5dB, /£ L % F 49 NF tfe C Py NF st £,
2 540 1~3 dB. 4 T ARIE C JEBiAe L kB89 0/E T 40K £ Bt 4k #h £ B 4%, § 2 14/% EDFA
BB L RRERE

#3f LAH 1o, EDFA £ L RBLERE TR TAX 1 AT 45 Lt 1d, EDFA
LR AGR BT A4 T AKX 2 &R,

NFTotal:NF1+[L12*NF2—1]/61 X 1

NFrotar = NFy + [Lyg * NF; = 1] /Gy + [Las x NF; — 1]/G, K2

HEP, L, R S Bk KeEMAe S2 Bk K& A 69 B0 3EABIFE, 446 LR
le, Ly, & 74N\ EDFA #) GFF. VOA. ISO #= WDM #J4EAA48; 44 LidE 1d, L,k
7 GFF;. PAR S1 BAX K #5M F 49 1SO F= WDM 894 AH42; Ly kT S2 Bk K& 4= S3
BARL KM Z ) 0 B GGIEAIRAE, 546 LA 1d, L3k GFF,. VOA. VAR S2 &K
KM 69 1SO F= WDM #9385 AM4E; NF R T S1 Bax KMy B 24, NF, AT S2
BAKEMGRP RE, NF AT S3BAKLEMGRE B, G AT S1 BRKLEME
#, GyRT S2 B KLEMGILH,. HIEM, NF. NF,. NF;. G, A6, % ZI& T EDF
AEGRERS .

ETFEAER Ic, B 2a 7HTHE T EDFA £ L KB RFN A T NF &R T~ER,
EFEARRE 1d, B 2b =T H T EDFA £ L A IRFE A T4 NF &, ©F 2a
AR L35 B TAGR A 4 19~25dB B, R JH 5 R K 4 My &4 EDFA #9 NFA8 49 % 164 2.7dB;
WA 2b ToAE S, AT IRIAA 19~25dB B, RA ZLRXKEH. ¥ GFF & eHi4e
1854 GFF1 #9458 #2848 F= GFF2 49 RAE1H0F, NF/EGRALA 1.7dB. dsbT I, H &8
RFEAE 4409 EDFA fE 35/ 38 3 X a) 69 NF 1R 30 & /.

W LR AETUAAE, Bl LR F X —FF X Z5IT EDFA #938# F32, (22 dF
7 A—A MK EDF ¢94#f, FZEHFMEH ) EDF, ZARAHA . FTFH57X=, b T
532 jin—/~ GFF #8'E %5| A WDM #= ISO, 122 GFF.WDM #= ISO #H § & 4434,
W& R R BA 38, FE5I A £ %49 1SO A2 WDM; #l4=, —/A> ISO F=—A~ WDM #4945
ANAFEA 1.5dB, F GFF &) SMAA A 5 B KGN, 25N 7.5dB AL,
KB IEABAEST T GFF #9805 50T 49 A48 A 0 898 K9 RAZ 5 k3L, RFIFFINT 49
Fi#e, 2FE EDFA 6485 23k, H T 1% EDFA 49% 5 thBAK, ] REERIRER % 6958
KEEM ., LHAW, RN Z6H AP 7 X RRAIRIK 2 RO KM, FRIKEK S
MKEEM, RARKBRELILEK,

KT LR EA, AYERE AR, Bk, WAYHEARE TEH LOES
L, iR EATAAKEN, AAKXBTHREREEAR, RS EKGHIZF
AT B M, BT R AR B eRE . P, BANHHERZHAM4FEE AKX
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%%ﬁ”%ﬂ&%ﬁ”%@%ﬁﬁﬁdKéﬁ»éﬁﬁﬁﬁi #5)4e, 4% 5 EDFA 3% % 1548 249
3 35 WM 3# 004 EDPA 6938 3457124k,

ATEAAR, TELEEWE 3 ZWE 12, TR IHRE LA ATERAZ,

%@3%T,ﬁ$¢ TR AP R M TER, ZATTERNTRAKRE, %
KT QIEAR SPIMRR A B LGt S A @k, QRN R D THRMm LS
BTG R, BRGNS L AN LA, Y, SR LA SR TR
BT B R K G RAZ T AN RATAAK, A BB T AF SR KA RAE T 0938 A AT
BB, ARARAARET GG o O A M9 SRR RE TP A Y ETUOEE, SRR RES
W8 E AR KA AT 5 6938 B RARIE A KIE 6 AT 5 49 3h F H A KA 69 A5 5 4 2h R 8h
PR T4y .

EF, BEAERRGAREGRETHH R AZERKGRE TR BETHE, A
R BRI RAZ 5 09 BB ARG RAZ T AN TR, oIk, KK
0938 s G TR L T X 3 T,

G (dB) :101og10% X3

FRULA A, FABEILT, MR 6% o 40k 69 Bk K a9 AT T 0938 B R AR
8, ARB 4, AAVIFRAG B REGTER, B 4P, SRk RESTE
ORI 693 BB ABATI BB, MR e sk o i eh B R e RAE T 09 B R
FF G, BP AR —SFAK. EXFY, AT ALREM (#42 1SO = WDM) #94)iE T
ClmEFHoR, BRBFTERRKOUETHEATREGE L EST, BRERKGE
T3 B Y ATEILE, TG E T YA Z + 1dB.

KT LR AL, H4M LA ST UM &R KOG AZFT AT K, ARG HAFF

4G A3 B BT TN, 38 B AT U AR &k K6 BT 5 ag 3 B AT (R
FRAFIA). dodbk, REZIIAIG B RYHELRRKGAZ T, WA T AL R ok
FUHEILT, EWEHNS, E—F, BRAHHEAREEBHLGLAT L, TUENR
BT Z R K HAT T HATRAKRAGF B, 3t &R K RIE 5 6938 A AT, LR,
Fodg B BT IR B A LS B, T ROAT SRR B A F AT, JRiE AT B
3TN &K K 8 AT T 0438 A AT R 4.

T &t 3 AT e EA S A BATN LY, AL B TG EIREIRG K.
. B %i%%

$¢m¢ ZeH LW AT G R TaFER B 69 AR P 0 Bk K 6 RAT T R AT K.
i, T@% Tﬁ%% CH 2 A E R AR AL, BRI R R &k KA 1T T T
Mg, AR ARG A blde, SR ENESABLEERTFHEY, 1Hh
AR B T LT 6938 H T AL LR (b,

BRIV, AEPHROHLETUAREE T, REBTE, ATVt Rk
s

. BE
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OERBEAGITME RN — EICERILCEYVIMH, QEQIFHNR N THRM L
HREWITAFE, AKm T AR RAE T IRBEL S AR

E—FT R EIH NF, LETOEARLEMINOLE, ROETHSHIT MR
AR EE, RINVENIRIGEMMBAINLE, A LERINLEZ LT A QFATE (TR
K FFaE).

=, WA BYEL T

AK#EF, B R 6GHRAK B NF L5 —BAAKEM G NFL (T4 LEANK 1)
e bi K, Ab, R AL AL LTS LagRb i EREE, rifL
1L B RIGMRAGNGE D | 48R B AL AN E, Wl Sa Fiw, ALEB A

B R TSR LGS LRSI E, BAYHLTLGRBIEEE TR
FAGFE B H Lo &

AT R 6 I ANF . 3 BT ES LA L4947 0S R agaedb s B T ARIE S22
Hir £ 84 £ G GG RO 8 TR KBRS R 0GB R B ( ARA B EE Ay ) At B8 TR
WETHE, B, FUXABAE T AR KBANEST Sk KA GBI EF ., AT A,
¥ H BT IR BB LA BT, BRI R 6 AR K Bad ek B g4t IR
REAF,

T, ABREB T O EABHA. ARE 5b, H RSP FRAG—FFHE LB GE S
R BGER TE R, ZA G RGE T R KRS 1530nm, B KB APOERT B R IK &
$# % 85dB/m, R A BNIEL TR ASRALE T L A 40~90dB, B b, 383 G808 T B S
o L 4G4 B e AL B S T B KBRS AL TR 44 BORCE B/ 5 KBRS ST B BB & K.
BFEEVL, AP AT MIE B A EAE T 2 0.47~1.06m 492 B F 45X E, BF Ly
# 0.47~1.06m.

FE—FT R by I NP, WA BT A0 M ASK BB A (long period
fiber grating, LPFG), M AKX TR F T 1 6984, A+, KARS AMAHAHKT lum
BT M, LT AZERR S, MANKEIAS MBS B A KR igey B9 HE T, HaE
B T 4% 7 5 EDFA 3 A A0 .

AT KA G X, TSR EFIRT MG R BHAR, EH R LGHE
ZI5 M AR BB o, Blhe @i — R (COy) UL B R AL B AT 49
AT B I 4E, A ERE M ANK A DR .

4 M KT 18, MANKEAIRL MIALSEIL B4, TASKISH ESH LM L
MELE, TUARHYHUFELAAT L, LTAREHY G A LLGTE L, wH 6a ﬁfTT,
A AR R — A M AR B AL AL S Loy oA T ZFH, B 6a vk M=4 A 4],
i%uﬁ%& 4 AR SET A £ b o A LIS M R A0S

HARE 6b, HARFIEFREGH —FF M ANKE BT RAEL S Lm%ﬁf%@
ﬁt%ﬁ%%t%,k%%t%tWTk%#a%Eﬁo%%,MAkE%t%tWTM
HEARKA. RIXB. KK CFHRED FHE—NMRBEIIESARKE, #—F, Tk
Mo, HAET A RIRLECDN T, ARARRAS KB B LA AR 69 FE B T A LA N filde, K
BB AR D i), MAERKBARIRD FEEGKEDRG RAMY, F48H/NKFE
B RAMZ A A9 FE B ki), BAET AT RIRpLER K aT, AAR AN R R A A2 A 4
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SEB VAR K Blde, HERIRA AR C PREGKEDRLG AP, A48mAKE LR
SR GIEB T A K., FEWNAE, ERRA. BB, RHRCREHRD ¥,
HEAR AN JB) A AR 1] 6 9E B ST A R A (B 6b BP R VAR B BB A A A
ANR 334G 8 A7, BABAR AR B A A A A A9 E B A 4 AN R 3R P AR R AR F) 69 7451 ),
A 3 L R
AP Fd, 33 HPL T A TARIE L 69 8 B % ,ﬁﬂﬁﬁ&%%ﬁ%%@*

¥ KT BME 4938 B 5t 64 E 5 AT R R ﬁ¢,MﬁTMK% VNS E X
P RN R, REELTAZRENEEZT ML, K¥igF, ¥R IGE LT Loy
AU ATI) AT R R T eI B K AR KA RAEE AT R, WA DK e Rt AT

R, BMikF|3E B HBeROR. KA LT UM A, B EETEATE B e RE
K RERKGKRAZ T T, 4R RERKR A RIE T AT RRE A8, 1238 5 KagR Kk
89 AT F TR KA RIREEE .

A8 8 Z R E T B M5 A RNRIFE], w7 R, ARPRERA G —FP LT
ZBRBMATER. ZATHRRBAAILTE 1b 6938235500586, TATREAK
EX RN GoA LG, AB T TAEE, EKE 1530nm F= 1555nm 49 R IR AEFE
X, % 1530nm F= 1555nm KK HRZF LT F R ZRAGAAKRBE, REBROETR
K, M FIE B K6 AT 5 64938 5 344,

AT Re 4G I ¥, M ASK B I AL o 54K B 2R o el 2R b4 5
FET 8 R BB E A BEARE], B M KB B A 6 s R X e S T AT 4G K RO

L oY

Jo T A HIE A T B AR M AN AT A 84 ROR e B A T AT 69 B
F G he A F I A

FITT N—, M AR B e B A~ B B A oo s 2 3 T e a9 6
TR BB 8 M.

LT AREIR A, FRA W EZRBIGWEEIN G0 H Mbr, TARE 8 i ihed &

B L KB B e ZOR B AR RO BE A e RS KR B LA A6 R,
WEZMNXETER, d#—F, T4 (:\Jll\@ S5a, &L EZIRBEA Loss(N), M
M ANK B B R Al o A B B AT A 64 BB AL A Loss( A ), FANK B B4
FAEG ZIRPE LA 1/M.

FIT N, M AR IS A P AN 8 B A1 el S om hé 3 T 6 3RS 3
B9 T 1 A, BPAF R R A 18 E A — A Bl A M A

TR, YA M=4 6], THEZRBIWEESH 1:2:4:1, EWNKEHRL R
M, WASKB B R R B R E R REHARE, EP, F-ANKASL
S A P8 A R RB AR /8, F KB B e e B B R R A A M8
¥2/8, H ZAK BB R IEE A B ROR B IS E 48, Fea ANk R B Ry
8B A B IR FL A T8 T *1/8.

@i B M ASRE BB o, THRERRRESA M4, FoRa A ES5Rm L
QS —E RAERN, MART RPIFT a8 2 HHL T, IWm E I3 X 5 A 7 e 6
FAK K B 6438 3 AT T K,
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, TikM, AT HIEAKEGRZT R ERBEEZ AL SRR L, ¥
”ﬁ%ﬁmﬁﬁ& EEMHI T AL R, EATRGEINS AT, BEHHLTT
ATEHaEFE (TAILA 52) 884 (RARA LK) RBEE, FRGREFTERANE
7% (BPEATOENFTE) HEHr. 7o, @i M4teg KB BRS mEZalég o &
e R AT R RAEE . LA, A YILAT R M ARSI B B LA S,

AT ARG R LM R, AP IFET AR RAKE, ﬁ%ﬁk
BTN IEE Yy —BoR KM, £V —BoaXKEM T 9B BaR K 45 H) L35 Lk ke,
B.H-AKER. RERRS RAEFR, AP, t%Tum%ﬁt%(ﬂmem:
ARRKEBNG IR, F—hitER W%&&X&k%tfﬁ,ﬁﬁk BB AR K
RAET. RERATEHFREAR, IPH-Té EDF #4468, £ 2% EDF P45 TR
A S, S TR TSR AIRER| BAEL, SRBETHRARSELAE, ATH

Tl AR G B KRG T o R, S EARS LT, & R EFREA
THk ARG K B ZNHEHERKGRETHE. LA, tﬁk%&TM@%ﬁ

ML, R FST IR, LR35, B AR KA EZT P TUARA LiEEH%
W#ﬁ%%%%o

REFY, F—ARrBERFE _RAFRLN TRBERKREGREZTHRAEE. &
TAEMER, H—RAFRLTRTRELTE LBHARGAETHREOEE. 5=
Fah BB F K B3 R YRS e ARk RISk, kTm%WiT*ﬁ&%i
EHHRE M. #—F, Tk, F—ArBFERRE _AEBFERLTATRBERE.

BT EINH XY, F— R FEFH A FRTAL RS & (Isolator ),

KFa B BAE—FEE RAEH B, T A R S, Mf TTARIERA K BAEE T,
D —FTRGENFTXT, F—RtBERE LA BEBLTARGSTHHE, foéf

R 2 m*ﬁy”nﬁi%ﬁ%“ﬁ RARB—AFEIEE. wB 9w, AAVF

B — ARG T BT EE. BAMRBD 1A, AR nz%m,thﬁﬂz
A, MFEAGE T 3 #h, A R BEEARR . FRMASE T 2 ast, A 1 4 B4R
FARK, FIAERMAE T 3HAN, Mo 1 X3 o 2 P i Hiaem k.

4ol 10a i, ARPIFREG—FFRAKXBYWENTER., ZARKELE—FK
KM, ZRKEMOIELARS, SHE. F—AEER. RERFRE AR, &L
¥, Fo ki FERRG SRR ut%% AV, BT ReA RIS AILATE A X
V‘]é\ﬁ\/rz, ﬂ:bkzﬂ-ﬁ‘ﬁa\%‘ﬁ’

4ol 10b AT, A AREFFRAEG F —FRAKXBNENTER. EZRAKRBHEH
OIERMBAKLEM A B, BPRA KB 0I5 S1 B K EMA S2 B K LM, S1 B KLEH
Fo 82 BAAK LM Z A T BT K -FEE, REFOFBETRRTRE. S1 ZRXKEME S2
B KM P BB 8T RILAGNET A ILFTIE A B IN4.

BRIV A, S1 BAKLEM T @FGRKEALARL M ET UL S2 Bk k&4
T OISR B RS M E AR, AT AR, AL RIRE. B, “E
bR RAIF—BRHFEZR, “BR RIFABARAEA L,

AT ERRAAKE, BLM ST ot &k K012 o R #AT K, AR



10

15

20

25

30

35

WO 2021/204006 PCT/CN2021/083637

155 23438 B BB N, ¥R WYBTL LT AT SR K8 RAE T 03 R AT (RS
FiEA ). dedb, EEARKETY, NEZIIAFTOBARYHERKOGZES, M@ T
ETREAMXAKEGRBEOFEALT, RIERRKRGAREORET O AT, &
AN, EHRAKREZEB B ELT, ZARK BT ARIE % B KEH, T
BRAAKREM.

KO LR B 10a 3B 10b AT 690 K3, T AT 538 25 - 324938 538 HOUA K 549
Bk B AR, VAB 10a T 89 KA K B EDFA. ¥ % ¥#78 71 6,45 10 AN K B B840 5040
FRIZAGHALEZ A 50dB A1), ARIETRIXAGEALE F A2 EDFA 49BN 52 KBSt &2
8 B B B At B A TR AR R E T A KB B R AR S e L0 4% g
1L E, whfomhLL&MT%ﬂﬁﬂxﬂﬁ&mﬁﬁﬁﬁﬁ%(ﬁ@nm,u&x

FlRKeGRE oA X% (B 11b),

w EAE [laTeAA S, BT RK¥ 3569 EDFA ] VA P &0k K o 04z 5 34738 5 3
B B LR B 11b A A d, % EDFA 893 3% M 25dB T 4%) 19dB, NF ¥ X %) 0.25dB.
sk, RARAFFEFOLAKE, TUEREREMREGELT, FRFERKGASE
THPR AT,

BT ERMAR G RRKRBGEMFAGERIE, KEFETARSE—MLBEZRA%L, W0
B 12 P, AHRPERBG—ARBERAORNTER. ZREB1E AR TL QI HRK
KB, APBABENE. AAERTOARKRBENEEKGRE ST, BRERTHEIER
g AR KB %m%ﬁkﬂﬁ”ﬁﬁﬁmﬂ&k%tfﬁ,ﬁ%ﬁkﬂ@»hﬁfﬁﬂ&k
HRAZF A 0AZ T, RRRBO AT ZIF X T AR Lk L8, bk RAE
FHATE.

FEZHANRE, RBE ARG T AL BB B Z AT A LERA AL 65
K&, B 120 EA—HAKE T HER 5L,
E*WT B EI X F, AABTOIERR, RETHTFTELAS AR ARG ET
PR, ORI VGRS, MHOL R T ARSI KL E A C B LR 8 43

q‘\n «-\\

i\‘?ﬁi“f}’ A KEZE WDM 813 AT T A A AT EAKE (pre-amplifier ). &K%
K2 (line- amphfler) R FHKE (power-amplifier ). YA AT EAKE, —BHERKRB
BTN, b BB KKER, B TMAARHAH-40dBm. HFAHREAKE, T
Mﬁ&%Aﬂt%%%%%?%ﬁt?%ﬁkw,%%T@?%QM%MU%%ﬁLﬁ,
HEARRE T, DAMBEH AL, ERFUIEH, —RERIIEDRE HI, &
KOs R . HAHFAKRE, sRPE R BAEERFTARS, 1'2%«1’42)’:3‘\)3&6
%ﬁ%,ﬁﬁk%%$%$°

FERRHHENEHG)F, JoR BRI RIZE R, K 69 EHpZ 86K
B/ RIGE LA — B BT AL G| R, RE 4 AT e B AEARSE S A 692 4
K BT PALLATS AT 04 52 56451

TARMRA R, ERPFETF R EF T BT REFRBATHR 5, AR

10
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PR 389 ZAH 090 E ., LR ARG F TN FAREREIATF G, &L
RYPITIRR ALt fe N EEHFHE., KB “F—". “F=7 FREATHRA LMY
St 5, ol Bl TR DRF XGRS, ot Rig 387 Fo “EAFT AR
TR, EBRAETEERHMMY AL, Blde, A4 T —2 5 FTHRET, FHik. R4,
b BAR A TR T A R P g R S IR A, AT QIERA F T e Rt T
XA, Fik. FRAREGEAHECTRRET.

R v o BARGFIE B 246 B3 KBt AT T #634, 2@ 54, ERBLBE RS ie
KAr AL B 69 LT, AT AT SATS B A A . AR M, RULAR e I B AR BT I
BAF)F RPTRZA T AT OIS, ALY B 2 A5 B R aE & AP 15K
T, BARFRY.

BAR, RAURGGFEARA R T AST R HF AT EH B AR A d BB AL hGAF AP Fn
SUE . XA, BRI RS X S E AR AR T ARYIFERAIER R L FRHARGTE
BZA, MAYFLERHOARXEEFHREREAN,
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1L—FPRe, H4EAET, HATRRKE, FrE e g G IMRA S H 193524
M oGS B, PR LRGSR TATIR 5 20 LA S0 at &, ik £
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BT ik #5224 £ 094005, T3 R) 096508 T 69 B K69 12 5 4 S 34T UK
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