{H++=¥#) Hankook Kwanghak Hoeji, Volume 16, Number 5, October 2005

72| M2 ZAIZ 1625 nm OTDR A ZEZ 2I¢t §2%Q! Extended L-band
Erbium—doped Fiber Amplifier
0| - MIiS - o|S3H

Feistn Adgsids 2stn Y §F Fad A7
305-764 HAFAA] §AT F5 220 HXA

eI
FON system
500-460 TETeIN] BT YZE 97135 WX

e

KT At SAg A+

[ve

305-811 thAFGA ST HUF 463-1 U

(20050 7€ 19 W, 2005 99 59 R )

Optical Time Domain Reflectometry S )-8} 29 km o)At AA 2] FEAILTS X517 Yol ZAFE ZZA) Aokt
H =FojAdE 1625 nm OTDR ZHAIS-S SZA|7]7] 93] fiber Bragg grating®} band pass filterE ©]83le] o|5a} H2R |42
Zbzb 5.1 dB Z22]1 0.9 dB 347 25 29 Extended L-band EDFAE A|oks}gc}. A9HE Extended L-band EDFAS] 1625

nm t¥¢] A% 0]52 163 dBolw FLA4= 7.1 dBLh

FAJo] : Optical time domain reflectometry, Extended L-band EDFA, Fiber Bragg grating.

L A =

Optical Time Domain Reflectometry(OTDR)= ¢F4=2jo|11
A& LS I BEATY $7) Bl T as
Aulolch. Hze] HEAYS] g Azl S km oj4fo]
2|5k 444 OTDRS APDS| £2+ 1 9ish Jele] M| Alste
2 160 km ol4ye] 22 ZAIekA itk makA AL
OTDRE A8 FAZE ZAske 44 wg 24 32
4 oS el S &0l FFAYU AANE T
%tk AH4 OTDRe] 7HA] 7A2] BHL 9is) BH2/S ol
$3te] OTDR ZHAIHE ZEAN7|= A7 Aol gt
[1234]

OTDR 70X w2 of2 mao] Sl gort 4l
3 Astg® FEHA g L+band < 1625 nm-
window®} 1650 nm-window7} & §tstct, wheka OTDRE] 7+
ANARE Z7H717] Yside 1625 nm-window?} 1650
nm-window Pelo] ZARE BB 4 Ak FEEA7} B
a3k

Erbiume] E7bd 345 £Z7]|(Erbium-doped fiber am-
plifier: EDFAYE A5 Z& &go] %1 189 Wazo] 3
T} Eg, EDFAS] o]5 tjole wAHRa thEst 3a BE
A Aj2aEle] AFdedel 1530 nm ~ 1565 nme] C-band,

¥ E-mail: dleee@cnu.ac.kr

1570 nm ~ 1610 nm2] L-band®} 21x|3}e] #zje] there
HEA ALHONE EDFAS BEE712 AT ook
a3y 1610 nm oAt odo)| A= exited state absorbtion
(ESA)°ll 9J3l EDFAS] A% o]5o] §73] WolA 1625 nm
o] OTDR Al FEEo== HZgsich

Z| L-band9] o|5Hf9& oF 20 %A= FHHAA 1610
nm oA} T AZTE ZFEAZ 4 9= Extended
L-band EDF7} pet=ioiei. ahxink 4241 m ojage] 71 Zo]
9] EDFE ARE-3}= L-band EDFA9| A= Backward ASE7}
37 wAPste] AlE o5 JLo] Wol|I E3JL 1625 nm
tJollA] Extended L-band EDFAQ] th9] m% o] Al47}
ul> o By} 9tk wlebA Extended L-band EDFE
EDFAE /3= 7ol 1625 nm 279 OTDR A
FE FEANFE G FEF OISE EE F R 2 ol5 A
29| Fjido] Bastel,

2 =RoAE 1625 nm AlS ZZQ Extended L-band
EDFAQ] Y& ZZ §88 3FAFA|7|7] $i8to] fiber Bragg
grating(FBG)S Y&eeo] AIsks 722 Alestsch. A
AT} 1625 nm A32] 477} -10 dBm & w ]S 11.2
dBo]l A 13.7 dBZ 2.5 dB FAEIQ T ALR 4= 8 dBojA]
7.7 dBE 03 dB 7|AE|gith 7@ oz qjaecto)] FBGE
ARE8LRL F7hcko]l 1625 nm band pass filterE ARMESE 2 o
729] 7% o]Z0] 163 dBR 5.1 dB FAHYT LA

411



412 =0eEA] AW ASE, 20054 109
T 7.1 dBZ 0.9 dB A= gt
nLne =2

1% 12 vtz ¢l EDF2} Extended L-band EDFE- o]-&3}
o} Z}Z} L-band EDFAE 743 & 89| A|7]7} -10 dBm
o of T g o]5& 4% Aotk 1570 nm ~ 1610
nm T &oll A Extended L-band EDFA Q| ©]5-2 12 dB u|yt
©2 o]Zo] 16 dB o}4el 2¥Hel Lband EDFAS| o]
weh of 4 dB HE Wokesl ofu AME WX powers
L-band EDFAX= 55 mWo|X Extended L-band EDFA& 87
mW3th whebA] L-band of| 4= Extended L-band EDFAX.
t} L-band EDFA7} 415.9] F&of X} a-gxolct 3pA|gh
OTDR FAIF 3421 1625 nm W FofA= 7]&29] L-band
EDFA2] 72 1610 nmE ¥ o]Eo] FA3] 7HAst 1625
nmojlA o}50] 1.5 dBE uj|® A9t Extended L-band
EDFA®] ZA2L 1625 nmoj4] o]Eo] 55 dB2 7|Z9]
L-band EDFA] o]So] 8] 4 dB ol Eth. =, 7|Z¢]
L-band EDFA+= EDF9] ZlojE ZAA sl 1625 nmojjA]
olSo] tlg Zo} ZA SBo| Was 2 o|Sg BL
gitk 1625 nmoj|A] Extended L-band EDFAS] A5 ==
/go] 7]&¢9] L-band EDFAS] 48 & 54 Hro £3
ZE Ego] Yol o} M| A% ATst Basih

L-band th%-& 7]&9] C-band thof wjsiA] o|SA 7t
/102 22 ghol7| wjio] o|53Fds &7 st g2 a+
7t o]Fo] Frh L-band9] o}53Y-S A% WHog FA
F 7HAE Wrol £ 4 Sl A A -2 EDFAS] %
74o} isolatorE ARE3lo] HHlEF C-band ASEZ} 2 A SE 5|
+ A& UAStY L-band 41359 FF &80 F7I81ES 8}
L Aot o] HHH L isolatord] AHYOE AT &Alof Wt
Asjal FE7)9] 27t EFsiItke ©3o] ok E tE
BHH O 2= C-band ASEE FU3}o] mediating pumping 5&H
£ =5 St otk C-band ASEE sk o R

2 gm >

—a— Extended L-band EDF —e— Conventional EDF

N
o

n
o
1

i
N .‘.
s

Gain (dB)
S
N .\.
S

1500 1600 1610 1620

Wavelength (nm)

-5 T T
1560 1670 1580 1630

I3 1. Extended L-band EDFQ} A8 EDFQ| ubilo] wlZ o]5 ABER,

= S5 ool #2 dole] pre-stageE F= ¥ C-band
FBGE F& Wdo] glon olgh Z:& WHe Agsid
L-band EDFAS] o]So] 7402 g4 Az} wisyl
1_,}17,8,9,10] .

1% 2= FBGE ©]&3t L-band EDFAS] FA=olt) 1
T4 pump LD, #E A5t HE op-E {FE WDM,
L-band o|5 t¥e Z=s sh= 71 Zoj9 EDF, W%
ASEE A|A3}= isolator, 18] C-band 2] FBGEZ 7t
3] Alo) Eo] 9t} Extended L-band EDFAS| A% FBG
£ =g AME 128 ol588S Y A & U
Zo|ch

BAZE AAI8t7] Y3t OTDR Y| 4B E F3F3517] 934
= isolatorE AREE £ ¢loBgZ AASIL L-bandd] AT E

2 £ =& 71 Z0]9] Extended L-band EDFE AR&-3|lo}
ok g wed 1T FERE BE OjSE 92 4 gle
B8 29 FRE A8 F7htte] band pass filterE 4]
3lof ASES AASIE 122 RSt

W] 1¢t E2&9] Extended L-band EDFAE A8t 1 FBG
o] 93t o5 I ATE FA3ct 1 3-& Extended
L-band EDFA 2] backward ASE A# Ego|t} 7|£9] EDFA
She ohE 2EHe] Bokg ol 20 mWe) 2L W}
Yol vlmy 2 ASES WEsn glom PEselt 2
WA 2A Aolrk U] e,

C-bande] &% Tl WAl FBGE S0 el At
sl ®W&EH backward ASEQ] Y2 o] FBGO| 23] RhA

EDF

1480 nm pump LD

FBG

1% 2. FBGE ©0]&3t L-band EDFA Q] L4

-104

=20

-30
-40 -

-50

Optical power (dBm)

-604 ..,.._..w...v._,., :

-70 4 /_v‘“\‘.:

-80

1500 1520

1540

1560 1580 1600
Wavelength (nm)

1620 1640

13 3. Extended L-band EDFA 2] HHlgF ASE ABE-,



(A=) A7 B2 ZAE 1625 nm OTDR & S5 %

A-27% 9] Extended L-band Erbium-doped Fiber Amplifier — ©]3t9 - AtfE ¢

Extended L-band EDF

1480 nm pump LD %

50:50 gy

1625 nm ],
DFB laser

<
............................

—8—TLS input 0dBm
—a&--TLS input -15dBm

—e— TLS input -10dBm
—w— TLS input -20dBm

8

74
g &

o
= 64 I
& /
‘T O A l LN
8 ./. A’A AN LN .
E/ ./A A AA 'ﬁ\ .
51ganalies "ae080 0
AAAAAAAARAA LA AL L AAAAAAAAAALAL Y

4 T T r T T
1520 1530 1540 1550 1560 1570 1580
wavelength (nm)

I 5. TLSO] &1} sbgwsiol o2 1625 nmo| o} sk

Elo] ohA] FEGo R R o] L-band HOE 0]5S
A H= BE IS 317 =Hof 0|53l 7oA E
Zolth. 2 ubAME C-band ASE: EDFUjolA H=Z7} ZAjs}
= EDF.J Fto A YEnbAE w3o] backward ASEQ]
FEL AN 181 Bt BE F5E doldAe
FBGo] 2]3} HPA}EM EDFQ] QFeto| A ZZx C-band ASE

7 EDFel ) F4Erh wehd FBGo| ojad kil
Cband ASE: 49H3 Al5o] o]dxE el =l st
£ ABEE| sjoigic.

13 4= Extended L-band EDF&] Zo|7} 60 mel 7A-¢ 713
#7139 FBGE] mhAat wiAbeS AAs H@ Fz0lt},
Tunable Laser Source(TLS), Extended L-band EDF 60 m, 1480
nm pump LD, 50:50 coupler, isolator 712|321 WDM coupler2
TS Aol A AT I DAE He AF
H 1625 nmo] L TLS+= backward ASE 0|4 FBGS] SAla}:
ol #dets 4159 TS Ik 23 1625 nm 4159}
TLS A &%= 50:50 coupler® £3}&}o] EDF2 d=iEch

138 5= TLS g4l ¥H3lol whZE 1625 nm A5 9] 9]
53 5214 54olt)h Backward ASEQ] WhARES A3t
7] 28l TLS 48459 Al7]= 22 0 dBm, -10 dBm 1]

-15 dBmeo.2 H3IMRFcE ¢4HASE 0 dBmY uff 1545
nm Aol 6.75 dB, -10 dBm¥ ™ 1548 nm I}3ro]lA] 6.8

ECEDID

413
—a—without FBG Gain  ---e--with FBG Gain
—o— without FBG NF ---0--- with FBG NF
16
14—D-.~.-.-O-.-.-.-.'O~.-.-.>.~.;...
— “.\
2, .
L |jessssmsEEEEEEeg, ©®
s ' R
w 104 u
(O]
8 4-o-p-H-m-A-A-A-A-H-A-A-0-0-A- 55" -H7 8
=B-B8-8-68-8-8-8-8-8-8-8-8-8-6
6 T M T T L1 T
-40 -30 -20 -10 0
Input power(dBm)
I8 6. A7l WE o5 A3AS EA

dB, -15 dBm<% w} 1550 nmof|A] 5.8 dBQ] o]&5-& Hrt &
ks, FBGE] EAREFO] 1540 nm ~ 1550 nmo]il HEA}b
-10 dBm ~ 0 dBm®! A-<7} 1625 nmollA 743
2 ol5S €& # Utk

Y 62 FBGS| X122 oj5el P48 A%E esp]
Sfef 2AT o5 U A B0l AzHe 1% 72
9] Extended L-band EDFAQ] o|& 4 @'%X]-’FOIJ_ UL
1%} 729] Extended L-band EDFAS|A] ZZ7|o] Qkchoj
FBGE A%t Af-olcth

9 72 AMEE FBGE| upio] mE HhAL AHEGo|o
1545 nm RSO 00 %6e] WALES 7P k. A
9] FBG= Z& 715& gich dgo] -10 dBm duj FBGE
Arelslo 2 o]52 11.2 dBojA] 13.7 dBE 2.5 dB SFALT]
91 ZH2A|4= 8 dBojjA 7.7 dBE 0.3 dB 7HAIEQIch

100

B [=2d [
o o o
1 1 1

Refiectivity (%)

N
o
1

0 J\

1543 1544 1545 1546 1547
Wavelength (nm)

7% 7. A48 FBGY| Thae] WE ¥y AUEY,



414 WYsEBIA) A16W RSB, 20059 109

Extended L-band EDFAE- oF}gf Hi JrRo] 2tko g 1A
FohE o] S-S Hop Ao F7h Al 4 Yok 21 22
o] SE7IE TAshs B 29olA TR IRk ASET} ]
HoR UYH TF HEE WA sk As WAIsH] 9
sko] 1ekat 2 Atojof] I o 2 isolatorg ARG-3oF gt
OTDR ZAIFE $&F7= FEF 30| 7Iedlopsiez
isolatorE ARE-EF 4 Qlck @A 1625 nme] ZAIF 0] 9]¢
ASE:= B2 A A& 4= 91 band pass filterS ZZ7)9] 15k}
2%k Afojof} AR5t isolatorS ARG ATE Pt gtk

band pass filter®] a5 dobR7] Y 27 83} o]
sttt 289 F A5= WDM AESHE FHsHA
HE3, FBGof| 2l8lj4] 2hALE C-band ASEQ} $H] Extended
L-band EDF2 Y=o F-Fo] dojdty. A WA TofA
ZEH 1625 nm Al$32 band pass filterE £33} 2
ASEE 2% AAECh 1625 nm A13FL thA] F HA ©@o.
2 dgeo] SHHrh ojmf ARE-H band pass filter= 1% 9
oA A& 1625 nmollA 2.5 nm¢] £3 HHFS 7xich

1% 10-2 band pass fillerS AREFS wjQ} ARESHA] gt
= el 1o e &9 28 Edolch 17 1004 A4S
band pass filterS F3sl7] W 199 &8 A¥EHor
18] 3 AL band pass filterS B33 5o 28 A¥EY
olt}. o]|uf] band pass filter+= 1625 nm A& & A 2|3t ASEES
A5 AASL AEF99] 2.5 nm HE2] ASETH £1bA|7]
© A& &+ Aok webd 9 89 A WA dolA BT
ASE+= band pass filterof] oJsA o2 A|A =3l Fahel 1625

Extended L-band EDF  Extended L-band EDF
60 m 80 m

2% 8. FBGY} band pass filterS ARESE 2t T2 extended

L-band EDFA.

10

0
m
z
c 10
s 2.5nm
% 20 -
£
2
§ -30-
'—

-40 |

-50

1620 1622 1624 1626 1628 1630
Wavelength (nm)

3% 9. A5 band pass filtere] ThAto) w}E 2En} AHEF.

— 1stage output
04| ----- after filter

-104

-20

=30

40

Output power(dBm)

-50 4

-60 -

P
. sl A D S e
-‘?!\h;."\"..x;v\.""n,wv,' e A FRRL

T
\"f\.“"f-,’~‘{\'\,‘,‘-*:..’ ;.‘,,’\,w‘w‘\f-'n',‘u"-,‘\'\" WA

-70 T T T T
1540 1560 1580 1600 1620 1640
Wavelegth (nm)

218 10. 1ol 4 9] band pass filter®} §5of w2 &2 AgEd,

nm thejo] AlEut T WA ghog QY] wiEe] T WA
o] Puutert A FZoRt ARgE o] o]5o] AT
%8 112 Extended L-band EDFAS| 7t ool ARE-H
band pass filtero]] 93 o] 531} 3|49 A4S Yehdch
band pass filter®] HT-& AwE7] 9|3 EDF kat sicto
FBGEZ 493} I-stage Extended L-band EDFA Lz o4 EDF
3%t ©ofl band pass filter?] 4 5o w2 oj5H
A4 BAS Skt gollA ARzEE-2 band pass filter
£ AMgsHA] & F29] o5 FA o]l Y2 band pass filter
E At 2ok £29] o]5 IAloltt. band pass filtere] ARE-
oz ¢go] -10 dBmY © o] 13.7 dBoA] 163 dBE
2.5 dB7} FAMEQ Y #ASAlgee= 7.7 dBOJA] 7.1 ABE 0.6
dB7} A=k AREE HEZ O A|7]& 242 140 mWo th

msz 2
B =BoldL A7 FEATS AAS 98 Bad
OTDR ZJA)Z-8 Z£Z7|2 Extended L-band EDFAE Aok

5190 Extended L-band EDFAQ] W& ZZ 789 Z7}

—ml— without filter —®— with filter

18
-0-6-0-0-0-0-0-0-0-0-0-0-9-90_
161 , ®0 o
~e
N\
o 14)-0-m-0-8-m-N-0-0-N-E-E-E-0-g ®
T . g
w ~m :
Z 124
Z 12 \.
£
]
o 104
4 —0
8 —D—D—D—D—D—u-D—D—D—D—D—D—D—D~U—D:g/ =
—-0—0—0—0—0—0—0—0—0—0—0—0—0—0—0~0
6

40 35 30 25 -20 15 -0 -5 0
Input power(dBm)

2% 11 YA B2 o|ST} FeX4 B4,



(AFE=E) 2Ag FAR ZAE 1625 nm OTDR A% ZEo 93t

415

A%l Extended L-band Erbium-doped Fiber Amplifier — ©]3tg - AtjE ¢

AlZ17] g e R &Yool FBGE ARt FF o
o] 1625 nm band pass filterS AFE3}% T AQZTL FBGS}F
band pass filterE AFEFE 1 ©]5-2 163 dBE 5.5 dB 3
Argleln A2x4% 7.1 dBE 0.9 dB A=

B =To||A] AoFsl Extended L-band EDFAS ZA1H =
L& FEZV|E ARt ZAAZE 825 km 7 AE
= U Aol &, FARS &4 km 7 2F 0.2 dBO|E
2 ZAF 437 165 dB o]5& =Tt ol sidE=
Aggbg 7t ZAPZE 7k @ Zoloh EE ofz] T
Extended L-band EDFAS AR&stcld st dj9] OTDRES o
£5tod 4wl kmo] A FFAEE TAE 4= & Ao
B2 FUolAe) BeHoln We EAHEe] et BE
A A FES S 9 Aol

aAtel =2

of R 00495 Fethahi sEETHI Aol I
spe} A7EIE YTk

0%
rat

2

[1] L. C. Blank and J. D. Cox, (1989) “Optical time domain
reflectometry on optical amplifier systems”, J. Lightwave
Technol., Vol. 7, no. 10, pp. 1549-1555.

[2] Y. Sato and K. Aoyama, (1991) “Optical time domain
reflectometry in optical transmission lines containing in-line
Er-doped fiber amplifiers”, J. Lightwave Technol., Vol. 10,
no. 1, pp. 78-83.

[3] P. Kim, H. Yoon, J. E. Seo, K. Jeong, K.W. Ryoo, K.
H. Lee and N. Park, (2001) “Novel in-service supervisory
system using OTDR for long-haul WDM transmission link
including cascaded in-line EDFAs”, IEEE Photon. Technol.
Lett., Vol. 13, no. 10, pp. 1136-1138.

[4] H. Kawakami, H. Masuda and Y. Miyamoto, (2004)
“Directional bypass configuration in remotely-pumped
EDF /distributed Raman hybrid amplifier scheme for online
OTDR monitoring”, Electron. Lett., Vol. 40, no. 4, pp.
259-260.

[5] L. P. Byriel, B. Palsdottir, M. Andrejco, and C.C. Larsen,
(2001) “Silica based erbium doped fiber extending the L-band
to 1620+ nm”, in Furopean Conference on Optical Comm-
unication’2001, Amsterdam, Netherlands, pp. 232- 234.

[6] R. di Muro, P.N. Kean, S.J. Wilson, and J. Mun, (2000)
“Dependence of L-band amplifier efficiency on pump
wavelength and amplifier design”, in Optical Fiber Com-
munication Conference’2000, Optical Society of America,
Baltimore, USA, Vol. 2, pp. 120-122.

[7] H. Ono, M. Yamada, T. Kanamori, S. Sudo, and Y. Ohishi,
(1999) “1.58um band gain-flattened erbium-doped fiber
amplifiers for WDM transmission systems”, J. Lightwave
Technol., Vol. 17, no. 3, pp. 490-496.

[8] H. S. Chung, M. S. Lee, D. Lee, N. K. Park, and D. J.
DiGiovanni, (1999) “Low noise, high efficiency L-band
EDFA with 980nm pumping”, Electron. Lett., Vol. 35, no.
13, pp. 1099-1100.

[9] J. M. Oh, H. B. Choi, D. Lee, S. J. Ahn, S. JI. Jung, and
S. B. Lee, (2002) “Demonstration of a low-cost flat-gain
L-band erbium-doped fiber amplifier by incorporating a
fiber Bragg grating”, IEEE Photon. Technol. Lett., Vol.
14, no. 9, pp. 1258-1260.

[10] Han Hyub Lee, Byung Jun Kim, Jung Mi Oh and Donghan
Lee, (2003) “Investigation of amplifying mechanism in an
L-band erbium-doped fiber amplifier pumped by a 980 nm
pump”, Journal of Optical Society of Korea, Vol. 7, No.
2, pp. 67-71.



416 S=BstslA) A6 ASE, 20059 109
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We have designed an extended L-band Erbium-doped fiber amplifier to amplify 1625 nm optical time domain reflectometry
signal for a long distance monitoring system. The proposed amplifier has a dual-stage structure without an isolator. Gain
improvement of 5.1 dB has been achieved by adding a fiber Bragg grating and a narrow band pass filter. As a result, the 16.3
dB gain and 7.1 dB noise figure has been successfully accomplished.
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