(¥ +#+=F) Hankook Kwanghak Hoeji, Volume 15, Number 1, February 2004

He
BH L

S/S+ band KA

o714 dedg J7HX|1 50-GHz ITU-T X0 2H=

= o =] . =
AMEE MM8H= thuliumO| &7}El 2N #lo|X
oHE -
AR MG HEAI TS
336-708 S'd oMM BAH
otsE
MENE AFAFHET laA] 2
336-708 29 oMA] BAH

2Z5t -

AMETE
151-742 X2 5HA]
(2003 7€ 18 WS

T T

ST

et

AN FEZER

—
g

bt NEGE
20049 149 2

}‘\l,

6-19

SRR

th
A

e
o

S/S+ band*|X] ITU-T9] 50 GHz ARl 2= Ad-S 71X Fhy 7P thulivm 27} 3453014 (TTDFL)E 7l
B9tk 14um 2 1.5um F thge] #9082 HAHE thulium 7t FA(TDR)2 vbde] &3k BAMS Ea), ujiire] §/5+
bandollX F4-g 7FAE = U= FolAE FHIAL o) AV olHE 65.1 nmel WL 3-dB HEE Yo)A 6.7 dBm
ol el Werst 28 ~HERS HAFQY, AAE DWDM Ad £ 17849 €31t B3 Bx Pio 288 ¢ ¥y
A% 662 nm7AE AEZS WE 4 X, 3737 R ZEe] xS mdTo A oA FA4E S A &

T AFE BHch B dFolx i o glolAE S/S+ banddlld 71FE wAS AT $83 Bdow ¥eE £

o}
AT

FA)of :fiber lasers, optical fiber communication, thulium-doped fiber amplifiers(TDFAs), dense wavelength-division

multiplexing (DWDM), 50-GHz ITU-T grid.

L A 2

< JEUl W 2 Al dEE 8 BA8HE 54
3l sojof & Ut AR, olF sFsy] g A7
AZZ 1990 S]] 2% FESHMA(DWDM: Dense
Wavelength Division Multiplexing) 324 7]&o] S4slch

DWDM 7|&2 #3% &3 Fr|Foa F7iazloan,
A ARFA AN 717E fR1ERs F4EHA I9EgS
sta Sl ey 2 281 Aldely A3t F Bxle A
glzofx] HEju|tio] Anj27t 2R sl= H|Fo| F43] 7]
WA, A S ik a7s oJAs X&FHT )

Z DWDM 7l=olM df shte] A4832 SuAY]
© WHoEN HEHY Qe Ao VEAeE g 7
2 A 7E #go] ot 1 A WAl Alde] A7)FHe Wz
S5 40 GbpsE SElE RolT, T WiZE DWDM 2}
ALE Atol] 1HA4E 25 GHz AEE YE FA sk Rol
ok a2y oljg WSS HFR=RAHPMD: Polarization
Mode Dispersion)o]} 34d-5-0] AP EY 5o A= <)

A Alzdel] A8EEE Z1E3 B A ofHgol &

"E-mail: nkpark @plaza.snu.ac kr

Holrh, aue g2 & 7k Bl AEe JE dde
MZehs Aol B =¥o] APHL Sled), Ad B 9z
[e]
U

W=}l ALl 483 A Ue
A dige da sz
L-band®] 57422 DWDMe] H$-83o] A F v 7i7jo]
F7HZ 5 lole B8R, L-bandeh Hasle] SA&%
< FSAY BEE L-band i ARRSZ] $13519d 1450 nmel)
A1 1530 nm 3F GGl sFets S 2 S+ tige] AEE
e gz & B Bo ok 53], A2 thulium
A7F FEREF7, e9E7], DFB #o| ¥ 3&¥ Hx=
glo|# 71sEo] WAF] et S/S+ bandE AAZ HE Al
Zdlof| HE8 e 7ol A EolAa U4
7]1&9] C-band®} L-bandll A'GE Alele] 7422 ITU-T
o] A o 50 GHZ= AsiA Sd=dl, S/S+ bandolA] o)}
€ e MEL 748 =Y¥ ofe EE glva 2k
wabx] o] =g oA o]l Ad 7HAE JIAHA 71E
S AFshe FYe oz A2 ARJAY A7k T
NA vl¢ F-83F =77F F Aotk 22y S/S+ bandolAE
thulium H7F FHR5E7] € SRSE7] 5 253719 A
e ufg guld] o]Fojd whH, o|#3 Y e A3
=L iR oR wokst et slohPY ok A4

L-band= °©]2|§ A=



18 Sh23k3)R] A 159 A 1E, 20043 29

ol olale, o2HAH7E B8l oA (Erbium-doped Fiber
Laser)oll Al @lojAe] &S FA FSHA FAd Fo|A
o] IS ITU-T AAK(grid)ell 5 22 ojHrke Aol &
#HA UTEP gLo] erbium WAl thuliumS AMS-3H= 73
= o)Zo] UL olEYA e, 2R thulium®] oA &4
E Aol dojuk= Ho| o] wig EFar| wioltt

o] =RoMe gt oS =3, S/S+ bandM 50
GHz ITU-T ZA}foll 2o o) K& oA upgo] 7}
WEle golAe) sl A3 P& AlstAt ot Y
2 Fo|AE thulium F7} 336 (TDF: Thulim-Doped Fiber)
2 ol=mjRE Agsl Y Y olAeltt 1.5um 9
o] Bz FZ % l4pum Y9G F Fxof gt HolA ¢
Z2bo B3 73S 53k, TDF W2l ¥/ = (inversion
state)ol] th3t HH3E FyPFo N FolAY g A
& 4 Ut oFEA sleE ZF7PA thulivm FH7F A
@ o)A (TTDFL: Tunable Thulium-Doped Fiber Laser)$] 3}
A7p dge Hol 66nm ©1FSE S/S+ band®| HEEE
AR SET, 28 T3 ZE QoA 6.7dBm ©FLE F4
o2 A7) R, T3, T/ Ui e ZEY
L5 s HAE) zAEFo N FolA Fi LS Y
TF ALE Bt

. AEEX|

a3y 1€ o] AgelM AM-E TTDFLY] FA=eltt. o5+
A2 Zo] 20 me] TDF(thulium-doped fiber)7} ARE-S AT}
TDFA thulium®] E%E 2000ppm, core?} cladding®] =&
£ zole 25%Feh. F FEZAYOZE= 142um E 143 um
o] FolA tlelerel FS AFst ARESIAL, ol I
1.56 ume] &% FZ713 #HeolxNM e F& EDFAS
3 FEZIAA Bz PITPUoF AT o|FA o=
A FolAY TS Eo|X, o|5L AT EF 0|59
e W 7187 ()e) 28-S gAY  JrhIO o] o,
EDFAYA] theE Bz ot JUAA ¥ £ 22 TDF
o Eojrte A& WA 7] #s VOA(Variable Optical
Attenuator)= AR3le] B2 HEZO] A7l 2.

A, F27] Wil 3 £8718 ANt g e E g
o|xFo] ANAHEE A, FAlo| TDFEFE e ASE
(Amplified Spontaneous Emission)7} HXZ #o]x] tho]e =S
2 $U=EE AL gkt 3, ITU-TY 745 9] AR}l ol
e} 298 A3 W 7] ¢J8] FSR(Free Spectral Range)
50 GHzZ 7}Al+= FFPF(Fiber-pigtailed Fabry-Perot Filter)=
Aelalg=d], o] Feje 258 Ao 2N B3 tigE 1
A A olEAZA & vk = tE FE<Q FFPTF(Fiber-
pigtailed Fabry-Perot Tunable Filtery= FFPFe]l oJ3l &€
50 GHz 7H32] AFE oM Yske Adg M=s] gk A
©2A FSR ¢F 9 THz, FWHM(Full Width Half Maximum)
2 100 GHz) 543 7IAZ Ut} o|5ud & A =
Ag 3719 F &4 147 umellA 6.75 dBoIict. 1 F
A7 29 FolRF R HEFL 3-dB couplers T3l

1% tap 20m TDF

0SA
1.42 pm /1.43pm

e D

EDFA VOA WDM FFPTF FFPF(50GHz)
28 1 3P7PE dulium 27 34R0) A (TTDFL)] 48 FAE.

ZZE7, Al 1% tappingS S8 OSA(Optical Spectrum
Analyzer)ollA] 2= AT

OSAE At 232 317] Y, “CH, otH8d &
2 2o AULE A FYuelE ARSIt 3
ZA7S BAS 3 AMgEn) 23S & F 0SAY I
2 99 Aegwe 2tz AR} AlFehe Al ot
247} £0.02 nm 2 +0.3 dB o2 & F U

|

=

o o

oL &3 #24

9 2= TTIDFLY 71¥3¢l 32 A4¥E 2o F ¥
T 9 Bz Pz 283 147 umolld EX8k= TIDFLY] &
g ABEHS RAFT Qth. TDF YAMEE F g9
A7l 142pum7F 69.6mW, 1.43um7} 81 mWILEL, 1.56
ume ¥z FHIFo] M7= 1.46 mWRATH

Thulium-Doped Fiber Amplifier(TDFA)2] 35S 2 sls}
7] YEiXe F Bt B gxo| Jsags Fo A ¥
o} skt B! ol o|SujdRA TDFE Al&3k= #olA
9] AL % wlzyix|elt}. 2lE 2 TIDFLY A%S A3}
a17] Slel A4 2% 33 o] F HE gl B g2 =4
& WA 7N FolAe A4S 2RI olstE B71 |
& 2% 3¢) TDF® energy diagram, F HZ(Ap,), HZ ¥
T(Ap) D 71N 71 o)A (signal)e] HAAIE UERAIT
29 4olM D(open squareys B2 HEAe] Al7]1E M3

20@3 Jan 29 17:13

YPK :1419.888nm —1.47dBm V-Yn: S
Vaos B:FX MAX H/DSP
vees: C:FIX #BLK
10.048D RES: 1.Bnm  SENS:MID AaG: 1 SMPL:AUTO
18 Main pump : : ‘
(1.42, 1.43um) Tuned laser line

""""""" (1.47um)

l n Subsidiary pump
AQEREF b e T Gy

\ / {1.56um)

-

-588)
N Al S S N

-789)
1400. 2@rm 1508. @dnm 20.68nm-D
SWP ﬂgY AUT YAC
i-2 scL OFS WL

a3 2. 1. 47 pmolld) RS TTDFLe] OSA #hd.

1600. Bdnm



(FF=8) S/S+ bandA] W& g7 9L 7B 50-GHz ITU-T A&l P Ade - — QHE - 2 9 19

G,
3F2 -----------------------------
3F; nansesreesessstnnserinnnraens
3H4

Ay = ['42/}1"1-\ " >~ Signal

+1.43um £13 FEPITR FOTTETRTTTIRE BEPP
3F4
Apg =ﬁ-6pm\k

3H6 1

2% 3.TDF®] Energy Diagram¥ & X, Bz HEZ, g3
GolA signalzte] oA

719A] #olA7h 148 um wPgellA] @3l (lasing)st7] 918 &
THEE F BTRY Ha A7E Y Aotk Rx: PEF
o] A7I7F 1 mWRTH 28 AolE F HEZPo] 150 mW

olA7t TS & 4 Ut
FES g AL, B PEFo] o] o 15mW oY
gojAe] BRE 8 27 F WEZF] A7 o
7Vele @4, ole theF o] AuE 4 ok B
HEgo] 15 mW of3ld W@ EAX (N2 BAE 99)
TE ol Foshe o] 2EL F7F EE gtk ek
19 % &4 B HelA 528 deie =
& (inversion level)e] S7ET $F HAd Fodsh=
Uxrt ¥E F9de BE IZ(pump depletion)©]
S17] wigol, o]5EZe] wHES FE F PiFol Ajrjd
oz AXE). wetr w& vHHES 4] YalMe F F=
Fe] A717F Aok "ok mdt o] QoM B HE A7)
9] F7k2 Q8 T HHo] Foldke o] RE9] F7t Fvlst
H, UX TZ(pump depletion)°] YoAUA] &= g F HZ
o] M717t FOJEOE #o|x7t ERE = Yt} F, Fo]A 9
threshold’} WolAl= Zoig), ¥hd, B2 P27} 15 mwWRTh
Z A@™ard = 3AE d9le thuliume] AR
T PR 9 °F Aol F gge] Ft HeiAa, o)z
Al dFe Hx 3zo] Yojdtt. o]FA HH wAEe] W
oA 3L o]59] A (peak)el ¥ B F3F(long wavelength)
o olFdH drt. wetr o] FYollM= Hx Hizel A
718 Z7HIPIA =9, e o5 FEE fAI5] A8l 8
< F BE AJle o ARk she Holrh. & 1A
HZo| glo[x29] threshold’} SEF7HA] He Aloju}
a9 49 @(solid circle)2 F BZE Al71E 153 mW=E
IPAF| 3, B o A7l mE TIDFL #HolA<] 373
7hH MYE E Zlolth. agdM Uehd ule} 7o) Bz H
Zo] Al7I7F 0.52mW whe] d37PE WH9le 35.14 nmol
Eg dhd, o1& 121 mWE S7PIIIH 7P Helr) 65.1
nmz A iEe AE & 5 Atk B JEZ AV|7} 15
mWED AXHEA 234 gg7bH ") ks Ae 2

A

# e, e 9A A7 4o o8l TDES o]So) st

o oy

K

z (2
3

I"
¢

(=)

O ool rfr N > oY

rfo
5

Lo

160'!!1!‘[' 7171 70

' P 14xxnm = 153mW :Z
S
140 -]\ ./“69\ »“L. o ol 64
120 | o’
L hd i 58

——— Threshold Curve
—e&— Lasing BW (nm)

100

80 -

LA

| P PO TS P I e S
80‘)

N

'/
] Optitmal subsidiary | 46
60 - /' pump regime 144
- 42

.
s}
wf P ~a 4=
[ O D) =
[ -4 36
20 N R T T R 1ol I P W o V')
0 2 4 ] 8 10 12 14 16 18 20 22

P_1560nm (mW)

Y 4.1.56 um HE FEe] Aj7le] w2 #o|A e EAHskO:
148 umoll A #ejx 7t w87l A% F FEPo
threshold 47|, @: & BXZ9 A|7]7} 153 mwd o
glo|x ] g7 hd ).

P_14xx nm (mW)
P

[oul
N
Lasing BW (nm)

1

Fog FATFHEA o524 HEnrt FojEr| WRot B

ojdel A¥ARE & w), F Fx) M7|7F oF 153 mwel
Z7A9ME TIDFL Bz #Huol AZskd 3L 12 mwo
A 15 mW ARt & 4 gk 28 55 olEd HXsE =
ZAolA TTDFL #o]A2]l &8 AHEHS 0SA9 maximum
holding 71%& ARSI ¥ A& BRAFI Jvh. Fx=3
o} M7= 142um, 143 um R 1.56 pmol A Y2 75.1 mW,
78.1 mW, 223 12.1 mWTh ZHeA B 5 50| 3-dB
el Zo] 65.1 nme] W A9 (1452.21 nm-1517.3 nm)el} 23]
6.7dBm o1’49] vl Heks &3 SHEYRS Ig F U
Z, 28EY o] 215 DWDMe] Ad 4= 178719
2t o] W Bz HEaol S 22 mWE © I7MIA
FH, Fupg &of o|5o] ZrisEg I Sell vERd XY
15184 n7iA % F712 37bE 49S 438 & sidk o

30‘#! T | IR | T T

20 _ ) Wavelength Tunability over 65.1nm
i (1452.21nm - 1517 3nm)

i
|
i i
‘ ‘ ;
i i

SR

Power @ 0.1nm RBW [dBm |

0[] Wavelength Tunability over 66.2nm
HE (1452.21nm - 1518.4nm)
-60 _J: -
W :
70 L1 L [N beoa 1,

1450 1460 1470 1480 1480 1500 1510 1'520
Wavelength [nm]
7% 5. TTDFLS| 347hd 9] 51 DWDM AHd ~HEY: ix
Hzo 8o 21 mWeY o T4 FY 65.0nm 2
50 GHz 7H4e] DWDM g 17818 4& + U,
BE Hxol 288 2 mWE F7H7E ZE £ o
Sol Z7lsle] A 66.2 nme| FF7PEe] 7Hs



20 SR A5 A 1%, 20044 2€

2803 Jan 29 21:14

VNP .199.350THz  -9.67dBm V-¥n: s s HLD [

ggaégzaa.asmz -9.56dBm -1.006THz ~€. 1408 | ooy e TGP

vees: C:FIX /BLK
10.8dB-D RES:@.@2nm  SENS:NORM AUT AUG: 1 SMPL:AUTO

89|

—chyRe
Bm

ST
I

RATAYRARRY vV V

-8

1496.83nm 1508. 82nm @.80nm/D 1584. B@nm
gl

a8 6. TIDFL Ade) A9 3hA: 714 4F Ad(v00l &
AE ) 2 P 282 (v EAE ) Al 20
7} Ad 747 o] 1.000 THzo]th.

gx Bz Pze] S AP 2™ /MM E doAS
ARgsted Hol 66.2 nm(1452.21 nm-1518.4 nm)} Y& 37t
H e 48 & U

o714 & 7EX] AT dold AFA AMEE, dRbE
BEE7e= gl &8 AHEY] Yawrt B Pxo| &
g3 #A7) Ave Aot ole 1Eld 37| Ul FolA
TDF7} 234 el F&3871 Wi i€t

o) #47PH thulium-doped fiber #o)A 2 Ad EFE &
o Y3 B7)9s) 1496 nmolA 1504 nm7FA] 8 nm Y H
A s Zo| 23 6 Ve Ut o] W OSAS] &3
52 0.02nm%, % sampling = 200VH= 0.04 pmott} AY
Z9 sk 2ol 207] Alg HFoE olF 7PE ¥
Z Qd(vool FAE ) 7P 285 AL(VEAE D)
Atole] Fupg x}o|7t 1.000 THzEA] HEEC] ITU-T A=t

ff g

- ; |
£ Ly ';‘ _"lz* i

3 -20+'A§'}‘ja:‘§'. e
g \ ERNE NS R
5] [

B ol . Tempcrature
no.. L 25C

40_i; .......... 36C

50 |

—?0502.0 I 1502.5 . 1503.0 . 15035 1504.0 . 1504.5 . 1505.0 . 1505.5 . 1506.0
Wavelength (nm)
29 7.FFPEe] 2= H3l] & TTDFLY &9 2FEH ¥
3HAAe FFPF7F 25°CY o, AA4& FFPF7} 36°C
o w. 0SA9] £31%5-2 0.02 nmIA5).

23 4AES 81 Atk H714 0SAY] EallsS
Haled Y 4 e Ao &= 1.000 THzo tis] 0.04
nm, FI5E AkslE 5 GHzolth wWeEkA g Ald 7H 50
GHzolME xR 0.25 GHz Bt} 2t}

o] FolAg Fu4 PAAAE TS AT Asl ol
AFHY FFPFY 2k wE SAAsIE olg3le d3%
Az 28 79 Jept itk 29 791A FFPFY] 2&v
25°CollA 36°CE 11°C THE WMEAIF L, golA 9 &3 29
ERg HY Aoz AdEe] A7} o 02 nmUF ©f
58 AL & F Utk AEstE 2= 2379 At
0.01°C AL I3, o] dolA AdE £02 pm 23}
olE A £ET & US ¢ F Uth

g £

S/S+ band®lA 50 GHz ITU-T AAle| H3tate AdS &
ANF)E 370 thuliume] H7FE 34-R-8l°) A (TTDFLYE
7iesldth. TTDFLY] &2kl 1.56 um oHge] BE H2x3d
o] A71e F HER9| threshold B oA <] w7hH e
£ AAsked F8% 98¢ e AL WHIHYL, °lE
H3}ste] §/S+ band TR FFolM abgg 7P & 9
E FolAE st Add #lolAde AU 66.2 nmé] T
2 HYoA 3-dB 28] 6.7dBm ©Fo]L vl HEd &
HEey wokS BAFY. TF, F317] UFo)| = FFPF
g9l 2x A4S Fslo] o] HolAY Ade BAES o
S PP 7 USE B

3 71 o AFT AL, S/S+ badolM ITU-TS AE
Aol Zo] 50 GHz7} ohg} th& Ao2 HsAva= & ¢
TN Be AHELS IA JIFS WA Ferhs Holot F,
B Ao AgE o)A Fx17] W9 FFPFE A28 A
g 7143} 72+& FSR 78 7K ZAoE wA R diFd HE
2, o] FolAe MZE 740 Jeuzx $/S+ bandollA 7]
F S AlTshe o AT $ AUtk

HAtel 2

2 d31s 20029 AEisty wjsesdTa]) X 9
3 o]FoHEFUTE

FDEH

[1] J. M. Oh, H. B. Choi, D. Lee, S. J. Ahn, S. J. Jung, and S.
B. Lee, “Demonstration of highly efficient flat-gain L-band
EDFAs by incorporating a fiber Bragg grating,” IEEE Pho-
tonics Technology Letters, vol. 14, no. 9, pp. 1258-1260,
2001.

[2] H. H. Lee, J. M. Oh, B. J. Kim, and D. Lee, “Investigation
of amplifying mechanism in an L-band EDFA pumped by a
980 nm pump,” J. Opt. Soc. Korea, vol. 7, no. 2, pp. 67-71,
2003.

[3] T. Sakamoto, “S-band fiber-optic amplifiers,” in Optical



(ATF=E) S/S+ bandolM e SR 99E 7RI 50-GHz ITU-T AR ge Ade - — ¢HiE - v 9 21

Fiber Communication Conference 2001, Optical Society of 2002.
America, Anaheim, USA, 2001, TuQl. [9]1 H. Ryu, D. Lee, W. Lee, H. Moon, H. Suh, “A Discretely
|4] M. N. Islam, “Raman amplifiers for telecommunications,” Tunable Erbium-Doped Fiber Ring Laser with 273 Ch. 50
Journal of Selected Topics in Quantum Electronics, vol. 8, GHz-Spacing ITU-T Grids in C- & L-band Regions,” in
No. 3, pp. 548-559, 2002. Optical Fiber Communication Conference 2003, Optical
|5] T. Kasamatsu, Y. Yano, and T. Ono, “Laser-diode-pumped Society of America, Atlanta, USA, 2001, MF22.
highly-efficient gain-shifted thulium-doped fiber amplifier [10] W.J. Lee, C. H. Lee, J. Byun, J. Park, and N. Park, “Gain
operating in the 1480-1510-nm band,” IEEE Photonics excursion & tilt compensation algorithm for TDFA using
Technology Letters, vol. 13, no. 5, pp. 433-435, 2001. 1.4 mm/1.5 mm Dual Wavelength pump control,” in Opti-
|6] F. Roy, E Leplingard, L. Lorcy, A. Le Sauze, P. Baniel, and cal Fiber Communication Conference 2002, Optical Soci-
D. Bayart, “48% power conversion efficiency in single ety of America, Anaheim, USA, 2002, ThZ3
pump gain-shifted thulium-doped fiber amplifier,” Elec- [11] J. Byun, P. Kim, W. J. Lee, C. H. Lee, and N. Park,
tronic Letters, vol. 37, pp. 943-945, 2001. “Analysis on the Transient Response of 1.4m/1.5m Dual
7] S. Aozasa, H. Masuda, H. Ono, T. Sakamoto, T. Kanamori, Wavelength Pumped Thulium Doped Fiber Amplifiers,”
Y. Ohishi, and M. Shimizu, “1480-1510 nm band Tm-doped IEEE Photonics Technology Letters, vol. 14, no. 11, pp.
fibre amplifier with high power conversion efficiency of 1503-1505, 2002.
42%,” Electronic Letters, vol. 37, pp. 1157-1158, 2001. [12] T. Tamaoka, “Comparison of Gain Characteristics of Tm-
[8] S. Aozasa, H. Masuda, T. Sakamoto, K. Shikano, and M. Doped Fiber Amplifier by Different Pumping Schemes,” in
Shimizu, “Gain-shifted TDFA employing high concentra- Optical Fiber Communication Conference 2003, Optical
tion doping technique with high internal power conversion Society of America, Atlanta, USA, 2003, FB4.

efficiency of 70%,” Electronic Letters, vol. 38, pp. 361-363,

Widely tunable thulium-doped fiber laser anchored on 50-GHz ITU-T grid in S/S+ band
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We demonstrate an S/S+ band discretely tunable thulium doped fiber laser (TTDFL), anchored on a 50-GHz ITU-T grid. Investigating
the inversion analysis of the thulium doped fiber (TDF) in applying a dual wavelength (1.4 m and 1.5 m) pumping scheme, a laser
whose tuning range covers most of the S/S+ band has been obtained. Within the wide 3-dB bandwidth of 65.1 nm, the output power
of the tunable laser exceeds 6.7 dBm with very flat spectral profile and the number of DWDM channels generated is as large as 178.
If we increase the subsidiary pump power to 22 mW, the bandwidth is expanded up to 66.2 nm. By controlling the temperature of the
fine grid filter, we have also shown that the frequency locking capability of the laser can be improved. The laser developed in this
work is expected to be utilized as a practical optical source providing reference wavelengths in the S/S+ band.

OCIS codes : 060.2330, 060.2320.



