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AT T D Z LN TE 2, E5HIT, 100 GHz OV 3R LRI D /v ZAF 2l AT
KR VA LT 2 LR TERp o7z, IO REW, BEO RV ZFA
IAHBOTETH D,

POVA B RE S DLEME LT,

SOA F v 7 O IEAIFIF|F1L 20 dB LA ENEE Ly,
PNV AFEAEDSFIZG CC, WHUNIIEAN CW T — 2 22 T id7e 67200,

DET BTz,
AIFFLRNCBE STV ol 2T b DB LA E 2 7 1T, DISC-loop ® H.—f{tE
— RREIRZ BT Z &iT Lz,
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3T BT A RATH 1L DRE L ARG R
3.1 ILHIC

ZOFET, BH—fitt— FRIRICVLEADE 7 A X AT 0 ORGHE ZOFMEZ1T 5,
EOEBRFER LY, Bfte— NcpERT ¥ a2 O BW % 400 MHz -1000 MHz F2/ & L
B o (K3.0),[1],

ZOETIE, BW A LEROMEU T X o ofERIL, 2 OFRE IOV Tiwd 5,

3
s 100
E L
= 80 B
£ 60 :
an L
=i
L 40+ B
[
5 |
% 20? ,./p/ B
= 1 o | |
Z 2 4 6 8
Etalon
3dB bandwidth (GHz)

X 3.1: w/VFHtE— RABO T ¥ o> 3dB BigE ik ErE

32 B 4RATHuORE

THa L E 32 1RT LD IR WA DR L D i E RO, Lo ERO—
MTHY ., FAYRERANT " ERONT ANV FTHD, =Fn iy )y FoZn
YEXT Xy vy E DOt onb, AENEY Y v R=da o2 W TERT
HZ EIZ LT,
UTFIiZZ OB ZR~R2

LN SHEO =X 0 v B2 RETDHZENTE D,

T Xy S uariEl KOO 7 7 A NPT Xy v ST o ~ONFR
ISR 72 D,

YUy ReFnara I 7 —FRNEICEETDHZ LIk o T, BRI AFHAE % |z
THIENWTED,

TH B DOEBERNT A=, HBBALT NVORIE (Free spectral range, FSR) & 1%
x~7hw®amm@%f%alimoMRi&@;oﬁﬁfﬁﬁénémo
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SiO
NG FEHSEE

SEHRLEE Si0,

X32: =X oK, F: VY y Ry, E:x7XyyrSoxny

e FSR
A 3 dBHENE —

Transmittance

>

Optical frequency

33: =X DOFEm AT M LOREAX

c
2.1
2-n-d @D

FSR =

FEZERONGE, nIFESR, dIFREEZRL TS
i&u/mﬁ”f i/\ﬁkﬁy%(sloz)%:@ﬁﬁ LTWD, ARG A IE & A 980 2 FiE
DO, EHo b rRITFR T TH DM, BA KD G PERA LD [Gn e nicw
CERICWE WS TERIER D B,
/ﬁt B AL S VD BW DWCHAT 5, BW IS BAR L EIEO KSR Tk E 0 | K&
TREHLRDIFEBW I IFIEE D, 7 1 X A(finesse, F) & W9 X T A —Z R HOLATH
5o 74 XA LK Reflectivity, R)DBEHRIZLL T O L 512725,
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(2.2)

5L, BWIIMTO RS IZER SN D,

Bw = ok (2.3)
F

bR ZarOFEmAT MVEEET 2EAN2NTH D, ZhboXNEHWT, 7
PoxXua O EITH) 2 &L, FSR % 10 GHz, 40 GHz & L7=, BHIILLFO#EY T
b5,
WIFREIT D HERARY MVT F T A FORE rTREA 0% 30 GHz TH %D, 40 GHz
D7V APNE—EE— RFEIRL TWD0E ) it YR EOERIEEL L ~T r s
A URREE O R IT 7 B2 # 0 R UEEEDS 10 GHz ThiuX, ~7 e ¥ A
VIREEA WD Z e HftT— REIRDEE TWHNE I NERARY T
LT FITAFTEGICHETE D720,

40 GHz &9 0 iR UJEISEEE, i OB 7B CEMERATREIC 72 2 AR EGA 5 T b
Do AEFALPILZ L, LD I UJEBEE TEIMEST 2 Z L REEN TN D20,
TH 1O BW X400 MHz LA FIZ72 5 KO ICKINEEZRET S Z LI Lz, # 2.1 &Gt

ik CTH 5,

. REEO , TAHRRD _
Sample name | RETE RE R FSR 43R BABKX
BE E

(mm) (nm) |[(GHz) RELY RBELY

Ha, #b 0.9690%+0.0015  2.57+0.01 15500 40 100 5% 0.5dB
te, #d 0.9937%£0.0005  2.57+0.01 15500 40 500 =*+10%  1.8dB
te, #i 0.9690=0.0015  10.26+0.01 15500 10 100 =+5% 1.5dB
o, #h 0.9937=%0.0005  10.26+0.01 15500 10 500 =*+10%  5.6dB

3.1 =X a L OFEFRE

Fo, BECEA LY o OHEEEZSBIC L, =X 0 OmBEEL A20 LT, PATE
2PN Z ZURAEERICATT N Z 72, RESIE, I T —FRAFICWMY AT 272, EAE 30mm
LT, RITHABKICEL T, 10dBLATICRD ZENEE LN EER T, ART TR
OWIL(EREL : 5X 102 X B ABKOFHAIRAMmO L D1k o7 (AL VL BA
WiZe B RS th), ZOREDOE ChiLX, EDFA OFETHoMETE 5720, 2
DOFGFHERR T X v U B RET H Z L IkDT,
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33 H7ARATEZTLDHBBART ML

BI34NFERLTE@m T A RATZ B ThHhDHm7 A RACRUTRDIEETZn DA
SHticxt 3 2 AMERE N EEICR D, Ko TAERBNARSIITAD L5112, I T7—FL
a0 AT T, EBRICERICHEAT D L EORFEROBEHIIK IS DL O35, HHAL
I T —RARIE, VAR S —R & (BI%  MHG-30) ZfEM L7, AEDOR
ENMRAEIT 039° /[EHETHD, DI T—HKAF LT b7 A ML — R Y o DRI%
ME Y 2 —/L (B : PCUA) IZERY 72, ZoxtmE Y = —/L O AHE KT 0.6 dB FLE
TH 5 (4 3.6),

SER LT a r OFBBARY MVERD Z LT, RRE TR E D D END T,
FEEIRE LT OSA MV, B A2 bl E OSA THll-7=, AR E LT EDFA %
EF Uz, £72 622 b T A7 F F A ¥ (Optical spectrum analyzer, OSA) <, ADVANTEST
BRI - Q8384) & ] L. IEAf#RE% 0.01 nm (1.25 GHz) & L7-, X 3.7 23 OSA THIE
L7z, #e DX OV DFBRFAT NLTHD,

34: BT 4 RATH T
/£: FSR =40 GHz. #i: FSR =10 GHz

X 3.5 EERIFDILFF
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BHEJtR [I ” RRARGNSLTF54Y

/Ay

MmEESI—IL

X 3.6 i A~y b VHIE FZERRE R (a)

>

—_
=)
T
1

o)
S

Transmittance (dB)
)
(=)

I
S

15499 1550  1550.1
Wavelength (nm)

[X]3.7: =& (#e)DiFTiW AT FL

Insertion loss 78 13 dB FREH U . BB ALY MANEAL TS ZERNBTENS, —DkXH
ALY MARELNTERE LT, AT FTF AT F T4 FONMREENR, =X 1
D BW EVEWZ ER ETBND, LoT, 2L EDOSFRELFFD 3@1}51/\& M LD
MAFERMLETH D, K38 NERELI-ERMKX TH 5,

DFB
TEC-sens potentiometer
g
é —*| etalon » PM
(]
g

3.8: BARAAY hVHIE FEERAERL X (b)

Z D J5{E1E DFB-LD O F » 7 OIRENEE %2 % & DFB-LD ORENRER LN L~ Ko7 b
THZEEZRM LI HETH S, DFB-LD O A L CHimA_Y vz 7Y
T L NT— A —Z(PM) THD5EE ZWE L7, DFB-LD ®F v 7 OIEEN 2 mK AR5 &
FE B EITEB L F+30 MHz > 7 b3 %, DFB 25 O H I EORMEIT R L% 170 kHz TH Y |
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THZur®DBW LYo, BLEDZ LD OSA OREELL ETHIB ALY R VsHlE
AEETH D,

HE LT Za e DFWMANLT MUE, K39 DX Theotz, 74 v T 47 HifRE
HFITNTWAHEKE LT, =¥ e O OREENZET OND, BIRNET D L,
THuOBEEORELE L, BENDTNICE, [WHET 5, Thic k> THERE
MEDY | FEROICERAT MVOE—IHEENRT 7 FLTLEI, ZHUTE-oTT o
T 4 THBREBETOTNNELCLESTZOTIEH RV EBbNS,

Rt Lz Zu 07 4 32 A FHABRKORER-R - EE2ERI2ITR-T, RED, FHAHE
KB ETHRVDOEBL D OELD RENZ ENRTRND, ZORE. BW ITiEHEL Y
R&L o TLE-T, ZORRIZONWT, fFEFLGFE LGS E A, LLTO LD 22
KInE z bz,

< IONCHVERLE M T o 1= BERR AT RS B COMABR LI, =Rk % 5.0%10-8 TFIA
LCWe, (AHETOWIUC X DED )LD L EOEIZNA WA LB B3 A T, LR
HIENDB,

lL.=%ar OEFEEEED 120 TEAR+7EEEbns,

2.2 A— N R TOERESHAEY 2—/LO L XD FE. EAE. YERED best
(272> TR,

(RIAE Y 2 — L O ARKRIL 0.5dB FRE ToH 573, 0.1dB RO TFRNEE L)

3. M T DOHLEL

'#“:*W%@ﬁ%gl%%ﬁbfk%?'k@fﬁ 3.8%10-7 LUUET D &, EBRFE R
EWERa—E9 %, —Insertion-loss T KX < 725, HiH A7 ~LdD 3 dB FIkIEILIAL 725,
(R RAL-LEED LR, )

MR E RE T LR EEMERERICE S 2 25T, RRBRMRR-oTLEH> DT
ZONFRTEREIT) Z LI,
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a 0’7 T T T a
= | : = ] .
g 10 ! o 3o ™ :
S E " ) S | / e,
5 it f
£200 4 f A S0 ]
E I /ll “. rl’ ‘.‘ lll “‘ E - -
g '30* / Y "‘ ‘\\ ’II “\ T 8 -30k i
s | s LA S
T N R — = 40 x A
-10 0 +10 -1 . 0 +1
Relative frequency (GHz) Relative frequency (GHz)
(a) (b)

3.9: DFB-LD THIE L7z#te DA~ b e JIE S, R 7 ¢ 1 A=53, fiA#HK =
55dB, (a) FRDA/X =30GHz (b) FRD A/ =2GHz

PR AKX 3dB wiEkiE (MHz)

RatliE | BlEiE | EREHE HIEE REHE B EE
#a 100 93 0.5 1.6 400 430
#b 100 93 0.5 1.4 400 430
#e 500 192 1.8 9.4 80 210
#d 500 222 1.8 7.6 80 180
He 100 53 15 55 100 180
# 100 53 15 55 100 180
#o 500 83 5.6 17.0 20 120
#h 500 83 5.6 18.0 20 120

#F32 FHE L X u O

34 =Hu U HTOHEKIZEL S FSR ~DEE

YUy FmZurORs, AEOFEESEIZE > T FSR 23> T L% 9, DISC-loop
T, THBYOBBALY MO E— 2 ITHART VRS, Lo T FSR 384D
HEH—fEE—RNICR->TH, AT MLORBIBEREIRNTT2B8EFNRH D, B3EL
BRI3IIC ZAuE, €23 RN(1510 nm ~ 1570 nm) TO R/ HUC & D FSR D2 b &ElE. FSR
M50 GHz DEE. BELFSMHzEETH D, 7L AREICHBWTHE T %5 BPF OHIKIE
X, 2OV AE 1 ps ODFA TR 10nm TH D, K- TZOHILANTO FSR D2 LT 1.3 MHz
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BETHD,
wiz
FHE L7=, X3.10 138

1.45

< i

O 1448

j=

]

2

5 1.444

8 L

(G

5 1.442

Qd L
44

JEITROWEARGEEDT — & L 2.D)XE A,
RO ERFNEEZ R L TV D[4],

KR

X 5T FSR N EDRELEEE S 7

1446

00

1400 1500 1600
Wavelength (nm)

1700

X 3.10: BRAFEDBITRO W RAAFME, AR -1.18 X 10/ nm D IT L, i

+
[\
=)

+
—_
(=)

~
o

Deviation of the FSR (MHz)
=]

BL

|——d=10.26 mm

N |--#*--d=2.57 mm

.

.
i s i
Tea

| | |

00 1520 1540 1560 1580
Wavelength (nm)
E N AR T H D5 D FSR O ERAF M

X 3.11: IHE

PRI 3.1 OF%

C X RNTFSR I 5 MHz Z#f4 2% &

X RN FSR 13 20 MHz 284 % L R ST~

DISC-loop (I ILARARJE LI DBEEAE DI AR T FIVAGIIALD, ZDZ & KD,
Ips LT D7 )L 2542 BT

FHEZ W=, K311 NHERRETH D, WEN 1026 mm & L7=54
HE XN, EFERICHRED 2.57 mm & L7284, C

2L A NE

. THUZ LD FSR o #Ey IR x5 L Ebils,
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35 F&®

AFFRLARTORBAER LY . BT — FRIESHIFRFCTEX LYY v R a U 2#ET L,
SERGI(EUE © A AMIZEE - TEMRASH)OBH AT MV ZJIE L7z, DFB-LD OiREZE
Iz k> T ERSI 21TV, BRANT Mzl & 2 ABREHESRE = 10.26 mm, X
BR =0.969 DT % 1 (#e)TlE, ALK 5.5dB, BW (X 180 MHz Th -7z, H—fitt—
RRIENERTE D LS NS 3IBHIELL FOo X v 455 Z L ki,
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[1] Max Born and Emil Wolf, “Principles of Optics 7™ edition ,* ISBN:0-521-64222-1

[2] 5K Jab 2006 FEEE im0, BRI R AZFIH L7- 40GHz £ — K v 7 3L
A DS,

[3] Precision Photonics T & £}

http://www.precisionphotonics.com/technology/EtalonAdvanced.pdf

[4] BHA RS BIvE Rt
http://www.sqp.co.jp/seihin/catalog/pdf/g2.pdf
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ATE  EBEEICIR D A B Bl

41 1XC®IT

B A RATL T2l ) BT EmgH O EREEIEISBHATH D, ZOETIE, T
& DR EBOE OB 21T 5 Z &2 BEEIC L, ZOHIELRHERIZOW T
‘a_‘)éo

4.2 VRO EBERFE

DISC-loop I&, EIRFNIZ CW HETFEANTHZ LT, o TEMET 2, H L7 L—PIX
MR S 40T B S A iz Al L — 3 (distributed feedback laser diode, DFB-LD) C, NTT =L 7 k
0 =7 28R : NLKIC6BAAA)TH 5, X 4.1 |ZEIINEE-BITFE(V-T Ftk) & -
T FE L AT MV EIRT,

200K ] 30,
i ~
= Z
g <20 7
O 100 . g
£ S
E £ 10 ]
g 8
i F——— - | 0 | |
0 0.5 0 100 200 300
Applied voltage (V) Injection Current (mA)
(a) (b)
~ ~ [
g 0 E o
ad) a8 I
< 20 S
w2 7 L
g 0 5 -40
+~ +~
= =
— ]
-60 _ | ! |
1548 1549 1550 1551 q%48 1549 1550 1551
Wavelength (nm) Wavelength (nm)

(c) (d)
4.1: DFB O FEfs R

(a)V-I £, (D)L #5. () J1eD 227 kL, (d)EDFA THIE# D A7 kL,
OSA D73 fi#6E = 0.01 nm

A FE— FHELL(Side mode suppression ratio, SMSR)(% 58 dB TH 7=, H /1 O#IEIT
170 kKHz F2EECTH Y | VU o ZHAREATEE(5~12 MHz) L D+, L - CHAIRERE R 5
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B3, CW HEDORIBIZ Ko THESILD L) Z &3y, EER B U o VP HREHIEAT
% CW X% 0dBm LA EIZT 2 HERH D563 H Y | Z ORI EDFA THIIET 2 (K 4.1 (d)),
Z DR EDFA 1T 1480 nm hiEZ DR > 7 LD O b D& Vo, HIEIZ K - THRIFS5HE
(Optical signal noise ratio, OSNR)IZ 66 dB 7> 5 62 dB (2L L7228, Z ORE D CThiviE N
VADEIEH 7 EITBI L2 ETRREN D, 7V ARAELREF L, CW EDOFEIRIERIT
15501 nm & L7z,

4.3 REBEOBRESMREE & R L EM

431 EE=Y bu—TFICX 2R EERE S HE L R R E M

XD BW B R 51T E ., CW LD NEREBRER) & BiEIC =2 1 DOFi AR
ML DO E— 7 2R IE R 5720, DFB-LD NOM-ERDIRE, K OVENERZZ 2
% Z &2 X5 TDFB-LD b DIt oS8z > 7 F &85 2 &3k %, DFB-LD N
OIREET RO = > b @ — F (Thorlabs #1484, 1% : TED200C)IZ L > T, L —HFHDIR
EEHEIN T, SR 25SCHRERETHL, ZOREI Fr—T O 24 FEHOXE
PEIE 1 mK AR, R OB ESRREIL 2 mK, HEOREMEZIXIE10mK Th b, i
IENTWHIRE Y b —F THREMEO LD TH Y . Ll LD REE CTIRE 2 k5%
ICRRET D2 EITEE LV, X 42 [HIREOREME & BRI OBRER LK TH 5,
RE% L% & DFB NO RSO FRIRA O S 72, LRI S (EEITRERK
iz 7 b5, ),

+200

shift (GHz)
+
=
=

Optical Frequency

0290 300 310
Temperature in DFB (K)

B4 4.2: BEEIC X D0 7 MR ER JERAL B TeldhR

IR OB E 25 | JeE R E S 7 P EIE-14 GHZK &7p o7z, ZOMEa Y br—J0ft
BRICE TED TAHD & AP OBIE/TIFREIL 28 MHz, K ZE ML 14 MHz Al & 7t
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Hahi,
432 EIRERIC X 5 HFHEEERE miReE L REE R EME

DFB-LD (%, AT 2 EMAEEZ THRBRGEEEN 7 8T 5, ZHUTEATLHF v U
TEN¥E 2 5 & DFB-LD OBRENZ W 5 ERETIRIL, BAE T LERO SR EE /£ E
M EACER (% : 318-20) ZHW\W e, RESMREIL, XEB/ED 50 ppm, EELEH)T
0.1 mV, BEDU 7L EMEFEOKREIZ2 mVpp UL F2MEEETH 5D, DFB-LD BEEh[E %X
33Dk HIhD, RIZTEREZHETIZOICANTEY, BHUEIX 10 Q THD, AR X
DFB-LD O HETH Y . K41 LV, 4QTH D, X 44 3R EBRE £ — 27 JJE
Wt 7 NEOBEBRER LM TH D,

R

— DFB-LD

/R

4.3: DFB-LD O BRth =] % [X]

+20F -

B
S

shift (GHz)
=

A
S
T T
I

Optical Frequency

50100 150
Injection Current (mA)

Or

4.4: TEANBWRIC K D00ABEE 7 MR, S JE R, R Il

IR & | B Z1X-0.5GHZ/mA L7e o7, ZOEND, EIRERIROMAAE L X 4.2 Ol
FEED & YA W B ORR E S iRhe L R R EM A TR T 2 & KA OBRESMHEEIL 10 Q
OEPLEMH LIz & & 4 MHz, 20 Q& L7- & &2 MHz B | K22 EPEIX 10 MHz A3
LTI,
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433 ~TREFA AEERWTOEREER RS MRE, RMEEERIE

FFEE THW TV D OSA OYEEI I #REIT 1.25 GHz (IR /2 f#6E: 0.01 nm) TH v | JH

WEOMNEEBZREST D2 LT TERY, Lo THEBRIZHS DFB-LD # 2 AHEL. %

ST FUANROAAEORE = ba—F L ERERZ AT, ~T & o EEES =

L2 ko T, DFB-LD DA G E S fRee & It ORI ZEE 2 ET 5 Z LIz Lz,

B 4.5 BNEBRLXTH D,

LR DR ENRIZBRFIRIC 2 5,

1. QP DEZIZ OSA # ¥ X, DFB2 226 DJt% ONIZ L, DFB1 7»bH D)% OFF 127 5,

QP W5 Z & T, DFB2 O DNETENT D,

2. DFB1 5034 ON L, QH 2V ET 5

3. PE90° £b9, ZH9T5HZ LT, DFBl 2>5 D36 E DFB2 25 DYORIEA —F S+
%, X5, DFBl1 & DFB2 0N/ —% —FHIXE 5,

4. ESP CTHE4%(Radio frequency, RE)E 5% HIET 5,

PLEP T EBRFIETH 5,

Q H
DFBI QP

PD [ ESA

DFB2 3dB coupler

X 4.5: ~7 1 XA EO B KX
Q: AMAWEEMNR, H: L2 EEM. PD : Photo Detector., ESA : BRAXYI NT AT F T4
PLOER . kO, IR - BRUE E O

FERAER A 4.6 |2 T, ZOREORE 2> ha— T OREHEMIT 300K, 301K (2 L7z,

X 4.6(a) &k V. HEEMFEILX0.050m THDHZ &R THIL, £ OB 7Y ESA THlE
T&7z, X 4.6(0)TEFERIC L > OUEEREZ S 7 FSEERORTF2R LK TH 5,
Z OWf, DFB-LD (2t % it & il 5 72D OB %2 10 Q2 Lz, EEZ0.1 mV (B
EHAR CT-71 pAYEZ D Z & TR ENEIT-4 MHz > 7 b L, BBRO PRE & —E L7,
WUNCEROEBELEZZEZ T2 & & DREIIRFERDIK 4.7 T %, ITLLHRD & 08 e HER E
EREIX-3.7 MHz (+0.1mV 572V -3.7 MHz O JE 5> 7 R E7e b HREREEELL T 0%y
fREEZ 1D Z E¥bho Tz,
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e £

T 20+ ] ;@

2 >

v -40r- 4 3

= 60 4 = 70t |

1549 | 1549.5 19.89 99 1991  +9.92
Wavelength (nm) Frequency (GHz)

X 4.6: ~T oA UERER (@)t AT b, (b)OE B ED AT MLOFET, K
M7 MHlL AR 7 MR

+40p.

+
o
—

Peak shift of
RF signal (MHz)
<

a1 0 R
Variation of applied voltage (mV)

4.7 FUINEEIC X 2068 7 b
FERRE - BERE, RR - UT LR

S P D ZEEL, LT D 2 SO FiETHI» 72

1. ESA OF/JE— K% Max hold (400 ) (2 L. A7 FLOY-filE (FWHM) 753K
D5,

2. ESA OFE/RE— K% Average mode (Average count: 10) (2L, E—27 O 7 N EDKEH]
AL ZRES D,

| ODFEBRFEORREEZEIIITRT, ZOBOERIZ296K ThoT-, ZOFE., REEE

NI AUE, R ORRAEIT NS WE WD Z LN broTe, RPBEOMED
5. 1 BHY OIEEW IO FAEL, 5MHz FRE TH -7,
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F1m. 2 OFIEICLAHERSREA . K 48 12753, OF BHIEE O Y — 7 2 HLA BN
WRRKTO6MHz 7 F L7z, ZOREND, 1 BdH720 ORFMLEMEIL3I MHz RETH D &
Bbhl, mHEMER—HLTWAHZ &b, 20 DFB-LD O YA fEREIL 4 MHz,
R ZEMET 3-5 MHz & A2t 7, S D OFEEN S HIRSREEHLL T T, CW X0
SRR E AT 5 L Bbilb,

Temperature FWHM (MHz)
#1 = 301K, #2 = 300 K 22
#1 =297 K, #2 = 297 K 10
#1 =293 K, #2 =293 K 17

3.1 RTEEREIC X DB L ENE

+6- ]
o
§m +4 .
3
Eg T2
$% 0 |
Q_‘ L

-2

0 100 200 300 400 500
Elapsed time (s)

[ 4.8: OF BH#AE 5D AT [ — 7 OFFHZH)

4.4 FERE

H—fte— FRIEZ B3 L CTEE L 225 CW HIROSEE O HIEME I >V T,
ZTORER, BENMEAREIX 3.7 MHz, ZZEMEIX 3-5 MHz F2 £ & AFE S Hiv7z, DISC-loop D3t
W UL S - 1I2MHz FREE Td 572, HLIRAREE LA LR T CW SO F 108
BrRficEx DV AT AEMBETE D LRI,
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58 VU L—YFOE—{Et— FRIE
51 IL®HIZ

COETIE, B4 XATEZa U EEA LY 7 L —F O ERERICHOWTIRR S,
EDIT, HLLSBR LT 2ring fIE CH—HEE— RREBTELNEI E, Vo7 L—F
DI WO BRI Z BT OV TN, BRER D,

5.2 ~/VFHEE— NHEHRIEHIE H ik

Uo7 b= O~ A FHiEE — FOFHEIEE CBERE X A VR0 H BT~ T
nHA R EPRES bR TWS[,
Z DO FETITEELFZETE (Acoustic optical modulator, AOM) ML E 72D T, [2]DHikE%E
O T~ VT HEE — RBEIRDE—HEE — 222 HIE LT,

45.1: HOBIENT 1 & A KD~V FHEE— RHHEE R E R,

M
N
S
oo
o

B5.173 < )V FHiEE— R OHiE 2 HE T 5 EBHKRN TH 5, HiEmND A Sy
YT L—WIE A T TN K o T20IT 41T bt D, LNFREEZFZR(LINDO;, LN) & EAMZ #i %
(Electro amplitude modulator, EAM)IZ & © CEIVEIREZFI N EMNT H v, i HI22.5 kmD >
> 7 VE— K7 7 A N (Single mode fiber, SMF)(Z & » TEIEA HFHNT TV D, A[ET v T R—
4 (Variable optical attenuator, VOA) (Z X > THREAFHEI L C, Q. H, P. Tli7 — A DIRIE
% dH oW LI #IC, EDFATHINE S, BPF TR 7RASEN & bRE L72#% 12, PDTOEZ
L7 ZIZER AN N T L7 F 7 A F(Electric spectrum analyzer, ESA) C~ /L T H{tE— Ry
I 2 HlE LTz,
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5.3 EBHER
: EDFA BPF
1nm

QP

90
—1
10
Etalon

X5.2: V27 L—HF D EERRER

52230 7 L—HFOEFHEK TH D, QTRIEZEMMFELICL, BICPEAFRE LT 52
ET, VT b= OMIINT —%REKRIZ LTz, =% 872 OBWIEL180 MHz - 6.7 GHzD¥) %
M7z, BPFOMIIEZ 1 nm& U, IR 2 0EEEN =% 0 U OFSROBRTY 7 15
Z LRV, HEIREORE &%, DISC-loopl L AGE AR OE & LIZIXF CIC L,

(5312 7 L—H IOk EEZ R, =% v OBWIE180 MHz, FSRi340 GHzD %
DTh D, K531L, EDFAOR L T ERA Y 7 L—F O NFETH D, X5.3() L0,
BB 1325 mAWTE; Th o 72, 5.3(b) &, DD AR T MTh %, 8 SR . (Optical
signal noise ratio){£50 dB &, DFB-LDDH 1 OF N EFRIFRETH - T,

-60-

Intensity (dBm)
. R
(=)

1549.5 1550 1550.5

EFRL Output Power (mW)
W

0 100 200
Pump Current (mA) Wavelength (nm)
(a) (b)

X5.3: U7 L—Y DI (a) R TERA Y 7 L—FDH S
(DHIHDIE A=Y kL

Ot E, BRBIEANT v XA EE VTV TFHEE — FORRF R Z NE L

BEDFER X547 3, ~T a XA AEORE, LNOZEFHE N # % 6.239875 GHz, EAM®DZ%
SR E A 900.000 MHZ & L7~
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-30
-20- 1 _ 0
Bl Bl
M .50
3@-407 - li i
z 2
|2) =
5 60/ 2
= ~ -80
1)) R S 532 533 534 535 536
0 2 4 6 8§ 10 Frequency (GHz)
Frequency (GHz)
(a) (b)

X5.4: BOBIE~T 0 XA AL D2HTINDOOEEBR AR kv

B54@) LV, ZHEDART MV PLS>TVWD Z ENRTHND, ZIUILNIZ L A
FANIETZER TIER < . BRI TEFH SN TWE 2D, 2OV A KA KRS T
HD, 2ODOEFMIC L DERWKS TH D, 5.34 GHzHI DRy Z LK LTz & 2 A H—fit
EF—RFBIRTHLZ N THEND, Z0L EZDOSMSRIFZ8ABTH -7z, K5.51%, =& =
Y OBWIZ DWW THRMANZFER LI-FERTH D,

500 -30 x x

M § 400L —— ring laser ,; . i
éo S ° DISC-loop , - g

=< 3000 s ) :
o= L

o _§ 1 k= , 4

6 A S
Etalon Frequency (GHz)
3dB bandwidth (GHz)
(a) (b)

[X15.5: < /LT HET— RIEBEHALO = ¥ 0 o OBWKLEME, (a)DISC-loop & D g, (b)BW = 2.6
GHzDOKFDOEZ A7 kL

18 % D DISC-loop D FEFRAE Fe[3] & b7z & Z A(K5.5(a), Vv 7 L—HFDLE— REIED
kgL U > 7 L= OREIEMEZEFR L THH Z LN TERINLD, 242 L YV BWAY180
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MHz®D T % 11 2 % H O UE, DISC-looplZ B8 W CTHL—fitE— FRIENHIF T 5 L Bbih s,
X5.5(b)ET ¥ 1 OBW#A2.6 GHzIZ L7-FFOFERTH Y | RZFE I ETH 4.6 MHZzZ &
IZEZEDfEE— RFEIRZE > TWDH Z ERRTENLD,

54 V7 L —VORENEAREKOEHRZEN

B4R AT RO EHNWAZ LT, EDFAD Y 7 L —HF TH—HEE— REIENEH T
XL ENDhoT, £Z T, K560 KD IEREBRE LT,

Block TM I «— Pulse (TE)
6 etalon I CW(T™M)
Block TE
> DISC-loop IN
EDFA

[415.6: 2-ring## 18 A £~ O DISC-loop

ZODPIE, CWRIRE SV ARIRPZNZNMANLIAT) TENTE DX ITHASND,
OO RITILLTO LS Th D LHE R T,

1. CWHONERHE, BENIC= X ar OFRAXT MO —7MiicdbEd 2 &
MTED,

2. Vo7 Lb—H D7 EDFAOFIFF AT NV OHARIE S 720 CWIE DR IR T 5 Yo R I 5k
BAETE D (WEHE T1530 -1560 nmFLfE),

3. HEWIRMEOREWY U7 L —FD7 ), BRI EKHzA — & — & FEFR TR,

Z ZTCAREDOER L FRRIC, Z OJRO I EERE ORI Z E 2 IE Lz, K45 L RO
HEEIZ L C, A F&DFB-LD, b9 A iz U7 L—WE Lz, MSTRERERTHD, P
EME 23200 MHZFEEE & | FER TR0y > 7=, DFB-LDH /160 Y6 JE % $5 O e 22 8 14133 MHz
BETHLZ b, V7 L—F IO BIIERH O NIZ200 MHZFRE S 7 L
TWDZENbnolz, ZHUIERENEWZOIZ, BEENZETT, EROICRE
TORBBEENRLZEL TWRNEDTH D EBbhs, ZOMEEMRET LI, Vs
L — DR R ZEA S D To O EHE AR A B GEE L 22T AT & 72 4],
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1
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T
1

Intensity (dBm)

7 72 74 76 78
Frequency (GHz)

5.7: U7 L—YH EDFB-LDH /16D B — M2 X A OEE#H AT kL
55 &

EDFAZEMEIC L, @7 4 R AT Z a0z ) v 7 L—H a2 L, #ite— Fo
BRFZRELZE ZA, H—Hte— FREIRL TW\W5H Z &2bnroTz, DISC-loop/ L 2%
IR D~ VT T — RREIBOHIENE & 4 [RIOEDFA Y v 7 L —F OftE — RIEIEHE %
R EZA R LTI Enbholz, TOZ LD, B4 FRATHO U
AOVFUTHE T — RBIRNEB TE 5 L Wiff sz,

F 72 H D2-ringhit & FF-ODISC-loopA B L=, LnL Y v 7 L—H I JLE B
DI ZEEMED 200 MHZFLE & IEFICE N0 ZELRIE 2 15 L2V R H—ftt— K
FHIRIZPFCE R EBbid, Z OWEEIZ X A DISC-loop® H—fitE— RIEIREIT 5 % DR
& L, DFB-LD%& H W21 DL A8 AE G CH T — RBIEZ HiE9 2 Llc LT,
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63 SULVARAROHE—HEE— NRIE

6.1 [XC®IT

ZHETOIBR T, DISC-loop |2 X B /7L AFEAEZITUN, ARBFFELLRTD 73V A5 A O FREL
AT o1z, T OFER. 10-40GHz, 73/V AR 1.7-5 ps D7)V AFA & FIGRIERE 2 FHT 5
ZEMMTET,

Flo, Bttt — FEROLEDIZE T 4 FATZ a5, FHfiL. +5 BW 23k
VIR HNTWD Z EE2fER Lz, IDIT, HERNICAIL CW O EE %, RS
JAPEEL XD E KSR TR T & 7,

TS DOFEERGE R A2 H E % 72 T, DISC-loop ®HL—#itE— NIIE A AL T,

6.2 10 GHz 7SV A DE—HftE— FXIE

6.2.1 5ps/VAZRAE

BPF
0 SOA#I Qi P Q:P; 3m
( 20 calcite Q:
8; 2:: Hi
il
H
Q&
DFB-LD /Y
10 BjPF delay
Output EDFA

6.1: Bt — RRIEFEERE X

6.1 WEBRKERX TH D, V== % 1 FSR % 10GHz, BW X 180 MHz Th % (3
3.2 Dt#e), EDFA THIE T 2 FEALFIFIFHEE 28 dB & L7z, £/, SOA IZHEAT D CWHE/S
U —%-4.6dBm & L, JHEI1%1549.22nm & L7-, SOA O AEIE 400 mA, EDFA DR
T ~DIENER 120 mA & L7z, IRIZHE—{itE — FRIRO 72147 > 72 CW O SEE K D
REFIEZFHIT 5,
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1. BT, =ZarOFBBART MO —2 L DFB-LD H /1 ORIEI R R 50—

45X 912, DFB-LD OFINEE L EELZ = ba—L LT,
2. A OBEFTCORELZICE > THEBRBARI "MVOE—ZKENRY 7 v 350
T, FRL/VLVARBAZORCOME 2D b7 (10 27 LIA),

3. FEREAE U RICL, KM&EM%@T/7v—#®&A =RUiRg o b N
AHFFELLRT D 7L Z 38 AE FINE[INCHEV Y, SOA IS 5 DRI % Qs H, TR L.
TN A NDOHD Qy PrZilifid 52 & T(MH/W’ T AL, L FHEE—FD
VA EIESH T,

4. <NTHEE— RREO SNV AZ M LIDREED D OB B A7 L% BESA THl%E
SMSR B T& 57217 K& < 725 % T delay & DFB-LD ORI 2 §{#i L 7=,

o 18
—~-20F 4
g =
>
T 40t g
> =
= 8
%'60’ E osf
= O
= 80 T
2B
1547 1548 1549 1550 1551 1552 -100 00
Wavelength (nm) Delay (ps)

(@) (b)

g g
g - )
2 2
= =
o - o
(0] [0
k= g
98 99 10 101 102 997 998 999 10
Frequency (GHz) Frengency (GHz)
(c) (d)

4] 6.2: EDFA OIERAFIFIE =28 dB OO/ L AFA . (A2 R, (b)E AR
¥ (c). (d)/S/LAD OE ZHaz~27 L

X 6.2 1%, 7SVAREDEBRIER CTH D, BPF ORIMAN TH AT MR- TNDH I &
N5 (% 6.2(a)), X 6.2(b) LV /L ANEIL 3.8 ps TH V| FEALRFH L 0 & TR MEIZ 72 -
7eo BHOFBIRIEDEEHIX 15.5dB Th Y BUf x50 Z L sk, (X 6.2(b)), X
6.2 (c).(d) XV \OE EH A~/ FLDOE—7 1199854 GHz Th v | ILIRZRE M 551% 11.2 MHz
T > 12 (43f#HE 100 kHz), SMSR 3 38.4 dB TH ¥ . AHFZELIRTORE & T 30 dB ik
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THZ IR LT,

EDFA O IEEAFIRIFHEAY 28dB Tlk, BEFIGF U XU OWMERMETH 72720, KITH
FfF TR EDFA & HWTHEBROFINE T/ IV AR A TR EZ{T 72, Z OB D EDFA
AT & # 5 hikeic & v | Bl RbiEe © 0> EDFA X 0 & FI#5CT& 5, EDFA O X% 4.8m
FLFECTH D2, FEALFIFIFHEIL 40 dB & L, EDFA LIS FEBRIER LR Ui L7z, $£72 SOA
DIENEFIL 500 mA, EDFA DR 7 ~DENE 300 mA, 500 mA & L7z, SHIZ2HE
TOELIZLY SOAIZ AT BEEI L AT — & CW K/ ST —D N & OFLEE SMSR
B E RITTHFERTHZ LI LT, CW RO EIE 1549.23 nm TREE L7z,

6.3 75, [1]TIERLL 72 EDFA % W= UL ARAERERTH 5, 2L AL 3.9 ps
TH V., MZI OBIEFREFINE X 0 T3 < 22> 72(1K 6.3(a)).

WIZ A CARBEECHIE L7z LV AW TED DI 2GR L, @, JE Lz L 2K
FED S JE LIZER DNy 7 7T K73V A % OFF (2 LIIRBE T, U > 7 D4+ EDFA
&L HOHBIFHINER STV D E TG E OFIfFE2 ON I LICIRIB) DfEE 5l &, /L
ADWEIEEFFET D, T2 LSV AEEOE/IMEN 0 & 720 {HXA o dB & 7257,
ZHUEAR Y 7 7T ROEIZ, 7"V AEEOR/IMERE N TWL 72O TH D, LoTA
v I 7T ROEEGI RN E1Z LT(K 6.3(b)), X 6.3(b)DIEEOIE X 152dB TH
S72(K 6.3(b)), FEEOASNVAPBOF/IMEIZ, EOEX VSN EBoh DO T,
HIZ 152dB LW REnwek b s,

6.3(c). ()L Y OE BHA~T MLDE—271£99872 GHz D& Z AN >TnH I L
MR THEND, HESREEIT 11.7MHz Tho7lz, ZOMENLRIEREZFIE T L. 26
m&72o72, SMSRIX48.1 dB THY, ORIV 10 dB mHDH I &R TE Tz, OE £t
AT Mt Za s OFBANRT MV ERKSTAL L, B—7 L ZOMBEOHEE— R
WIETDHEZAHADFRFEOLN 02dBIRETH L Z ENATHND, LoT=Fr D3
dB HHBIR T IRER I L W RE S THH—H{EE— REIRVFEETH LS Z L2305, 3dB
g & R A DO HIX 154 TH Y, 10 GHz, 5 ps D7V AFAICBWT, Z DR
TrVV ARG T UL, T — RRIRDERTX 5 L b b,

6.4 1% SMSR DK & 72 BJEBEIT H /L AR — & CW HNRT —DhFEEZR LT
5, CW XU —Z 0T 2 LT EHBEIT 570V ART — L CW RN T —DREEZ T,
CW ST — DA OHFiPHIE-6.6 dBm 7> H+2.1dBm & L7z, CW ST —Z50H T, A
VAT — O OFPHIL 0.5 dB E/NE 0o T, THE SOA ICAK T 57UV A D /RT —
7% EDFA OfafIH /)37 —TIRE > TV 5D | EDFA DR 7 OENEIRE LT RWERY
BRI SIS T = I RELS R RN TH D, SOAIZAD CW /3T —73+0.4 dBm, JH[H]
7V AT — 3449 dBm DR, SMSR B KIEZE->72 (X 6.3 OfER), ZDOHRD L X
b CW L—FRENSMGI S, 7V ARAE LT WVEIMERECTH D EBbhd, Ll
COHRITEESED SOA, MV IRLEKE, 7V ARIZE>TED-> TS HZ &R TR
A, R IR L BRI A R OMETH 5,
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T 40 ]
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g -60 .
2

S 80 “ w‘

1548 1549 1550 1551
Wavelength (nm)
(@)

Optical frequency, f - f, .. (MHzZ)

Intensity (dBm)

[X] 6.3: EDFA OIEFAFIFIFHE =40 dB DFFD /)L A FEA:

-200 -100 0 +100+200

0 - 15
L \\ ] a
| . o
o 0S
o £
Oi A » i-15 *é
07 | | | | | :20 é

9.8 9.9 10 10.1 102" &

Frequency (GHz)
(©)

SHG intensity (a.u.)

Intensity (dBm)

I

0 =

Dela;)/ (ps)
(b)

-100 +100

Optical frequency, f - £, (MHZ)

20 -10 0 +10 +20

i
~

o T
8079.079.08°9.09 10 10.01
Frequency (GHz)
(d

-5.4

. 56@
“3-5.8

Transmittance (d

(@t A7 ~v, (b)H CAHBIE

T, (©). (d)FEH: /L AD OF B AL hVER: HIERE, B =X o o@imEAas

7 kv

6.2.2

60

50F
400
30

SMSR (dB)

20
10

a5

‘-1\0‘ P

-5

CW/pulse power ratio (dB)

6.4: SMSR 23 g K & 72 5 CW /U — L JH Al )L 28T — D bR

CWERIER B R E & FE

Bt — FRIEZEHT 5 LT, HEARZ LIZCWIEDOERE R e o O — 7|12
EHEIZ—E L TWAZ & Thb, DFB-LDO RN FE W EITIEE, IEABIRIZL > TEDY
LYYy ReZua it =2 OFBimANT MO E—7 RELIREIZL - T
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Bbb, Lo TREXRBEZO TN EDRE CHNETHEINDLI0HRLZ LI L,
CWIEDRIENCE W3 Z D LT OB STV ZETSMSRE ED L H 128 - T
T,

0 ‘ 0
= —
& -20r | &
& =
2 40 2
5 g
g E
= —60* Ll A’Iu MVA W " TR o
98 99 10 101 102 9.8 99 10 10.1 102
Frequency (GHz) Frequency (GHz)

Py

6.5: SMSR DAL DT, (a)SMSR 23 iz K DIRH
NeJE W S 7 b SRR

. (b) ()DIREEN 5 -25 MHz

[

X 651X SMSR BN ED X I IZEL L TV &R LEKTH D, K2 EEEE» LB X
Z-25MHz 7 &/ 52 LT, E—7 DA RIZAXY MUVEGNEEFEL TND Z
EMMETERND,

4 6.6 £V, 3dB AEiEX 40 MHz T V) IR E LV 3 fFMAVMELZ B> 72, 1TU
23 T 100 GHz [FFR D WDM T o 2 IR O 6 JE i B D R E 22 VA +/-5 GHz & BUE
SINTWDHZLaERDLE, EWICEMDEAEEKELZ = Pe— L LRTHIER 620D
LD, M L7z DFB-LD O DRF#ZENE, SENRREZ 4 mK LA T, HUNEED
R ZENE 1 mV LUF, FEABRHR CHRE T 2 & 70 pA &, —BITH W HAVTU 2 BEEh il 1)
VAT LEHARTHEFITNELS LARTNER672nWZ 2R LTEY, FEFITT A RHRD
%, LLenb, ZbOEIIERGERZES TERES b & Ebiv, £t
STYAT LOKMEENE L DL RELS TE L L TIRIND,
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%] 6.6: CW Ye[RIFHE 8 e Sk . B 9.8-9.9 GHz O#iFH T SMSR., H.5: 10.1-10.2 GHz
DO TP SMSR
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6.2.3 2ps NIV ARFA

EVIRNIED SV RE, KV ELDOF v o RVERRZETE 5720, OTDM OFEH FH
Flied, ToThNTA FORBIERME 2.2 ps & L, 7OV AFRAEEKATZ, SOA DIEFEA
FEIIX 500 mA, EDFA DR 7 ~OFEANED 500 mA & 500 mA & L7z, ZOKFD EDFA
DIEEAFIFIFHEIL 43 dB Th 5, SOA DIEFIFIFIE & A IEIEAY 5 nm O b D&M L7z,
HEA CW /XD —(3+1.6 dBm, R 1T 1549.22 nm THEIE L7z,

Transmittance (dB)

g = 1 |
1|
% -60 g .
g 80} | =
1546 1547 1548 1549 1550 1551 1552 -100 0 +100
Wavelength (nm) Delay (ps)
(a) (b)
Optical frequency, f - £, (MHz) Optical frequency, f-f ypier (MHz)
-200 -100 0 +100+200 -2 -10 0 +10 +20
07 T i T i T i T i T 7_5 07 /——‘/‘_/»,/,,L,\:\\‘\\ 7_5.5
~ [ a ~ L T
E 0%
g R
= &
> s oy
2 -15 2 7
& Y = 5
2 g0 o8 = 89 6.5
E - . | . | . | . | . Ll < - - ‘ ' ‘ - ‘ - ‘ * =0.
809599 10 10.1 10220 & 97 998 9.99 10
Frequency (GHz) Frequency (GHz)
(c) (d)

6.7: FRIEHFRH 2.2 ps D/ VAR (@AY b, (B CHBEEE (o). (dov
AD OB ZEHANRY [V, Eif: WERER, i —Fmr0FimA~r L

6.7 IZEBFERZ T, SMSR Z# K& THTODRIEOHME &, EAE/NSLTDH L
D IRAAHANA T ZAOFREOWANLAFE L < JEART ML O—FBEATZ(H 6.7()),

6.7(b) DI DL 19.6 dB Th o7z, HIEiDK 6.3(b) BT DFH] TR~z & 3
0., EEONSVAOEKIZZOE LY KEWE THEIND, 7SV ARIREIE 2.1 ps & 4
A N OFIERE] L 1FIFE—F LT,

OE ZHa A7 Rt HESEREIL 11.7MHz TH - 7=, SMSR (X35dB L7820, 10
GHz, 5ps DL HANTHEL ooz, LLARNRDL, ZHE TORE LT, 30dBfE
WETHIENTE,
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L AFEAERFIZ SMSR WL 7o 2RI E L TIRO L D ITE 2T,

—

PIVAMEDPIRL 72 5138, HART FLORBHIBITIRE S 25,

2. FRUICTE STV RDHFILIE AR Funn BT BRI CRAET H AT Fr
DOWBIIREL 725,

3. X1 ® FSR NIHREREER A OFREE N EAR T H 503, BB EOM/ N 2T i L -
T, FSR DNIHRSRE B OELK G & —H L b, MROEFHBIEEEHENRKREL 72
HDT, RENPKELIRDLTN,

4. FERMNZSVADHLHARY ML AT ML OO FRE RS — B L7 < 72

Do

CHVUFSHIRE B L FSR OZEE/NSL<T 5, DE WV HRGRZE 52 L THIRT
ERARp LY oY s N

— JSILAD ARG VRS

—— IZAVOBBARIML
:-:HE n: X i ,*‘IE ‘7‘“ B A, " N
FSR = #iRGBEAKB xNOEBM S 00000 HIEEOHE—R

X 6.8: /L AFEAERIZIIT D, SMSR EAL ORI

H—fftt— FREIRICT 272D OFENTE L <. AT D CW O EEHIEE oMz,
SOA [Z A3 2 JAE L 2D RFFHFE(X 6.1 @ Qs Hy)ZEEICHET LU 572
WZ ERbrolz, M691E, Qs. HylZENENMUINI® NZED LTZFED OF A A~
7 MOERERLIEKTHSD, Q5. Hy 240 LENN LT/ T, OF BHaRA~LT ML
T LU RRAIIC BTz, MEE LSRN KEL 2D E VRO Y v X ITREL 2D,
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— AT Fov, BOMHBEEIICKRE REITR bR o7z, 2D ORER XV I/
T HZ DLV A ER D T2DIZIE, SOA TAAL v F U T LI=HD TM 5y D3V A %
RHF TRELSHEESRTERS 2N b o7z, DTV D RIET DRI
I£50dB LA EH Y | Tl THREm 27 7 AW TH D,

o TUMULT ZBRTRE T, ERROKBEZRZ2Tud e 63, AR L - TR
VB OREENELS 72D L K 6.9Db)D L I ITH—H{EtE— ROEITELI 2D B2 6D,

0 : ‘ ; ; 0

Intensity (dBm)

Intensity (dBm)
N
()

997 998 999 10  10.01 997 998 999 10  10.01

Frequency (GHz) Frequency (GHz)
(a) (b)

6.9: I LD OF ZHa AT hMLVOMEE L)L OREAL, (a)fiil 72 YR AE DIRF D A~
7 kb, (b) @DIRFEL Y Q. HEM/NMI(<I® VBN LI EEDART hL, Kfj: 7L A
DAY v, Mgk WERONNy 7 75 R
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63 Fi&®

BW 728 180 MHz D= 4% 1 & W\ ERERE A4 26 m & L7z LTV ARAEFEREITo T2,
TEA CW D Ja i J % SR HRAR SR EL L T ORGEE CTHIIEI9- 2 Z £ 12K Y | DISC-loop O HL—
T — RIEWNEB CTE 7z, RIE SN HREGEEEENT 117 MHz Th o7, #0 IR L
$10 GHz, YA N OBRBIERFEA 5 ps D7V ZFEAIZBWN T, A SV ADNRT — L iE
A CW DT —D R EIREIZTHZ L TSMSR 2 48 dBICE THEHDH I ENTE, K
WFFELARTORER L LT 40 dB T 5 Z LN TE 72, =X v 0 3 dB #liE & LR
WEOMEDI 154 THDHZ &0 D, R Z DML T TV ZFAEIT2ITH e — R
N FIHIFFCE D L Bbh b,

F72, 10 GHz, 2 ps D/ SV AFAIZBNTS SMSR # 35 dBICTH 2 &3 T&E, &6
(2 SOA IZASTT 2 JEE SV ZSEDFIRFEE . SMSR D K DIKREED HIUMI(<1® YT H
T L TOE AT MANED LIS 200IE L, /MU T DERICRGF. K
WORE ZRIZ2 T TR 670679, B—Hfte— FREIRIZIZTZ v 0 3 dB H#7iE & 4R
WREOMIZ, W ORIEEHILBED L L BT LW AN GO,

A1%13 40 GHz D/ IV AITEBIT D HE—HitE— FRIRZ B L. ~7T vn ¥ A1 153,451 % 1
VTV ADEE— RERMET 5 TETH D,
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ABSTRACT

The authors investigate improved mode-locking
characteristics for delayed- interference wavelength
converter (DISC)-loop type pulse generators. We are
aiming at the generation of high quality single mode pulses
by using a high finesse etalon to suppress the spectral
components associated to the long cavity length. Our
results show that a high finesse etalon (40GHz of free
spectral range, finesse of 93, 3dB bandwidth of 430MHZ2)
inserted in a EFRL with equivalent cavity length improves
the side mode suppression ration by 39dB. These results
pave the way to high quality 160GHz lasers to be used in
future optical networks.

1. INTRODUCTION

Ultrashort pulses with repetition rates as high as 40 GHz
are needed for the optica time-division multiplexed
(OTDM) systems, which will operate at 160 Gh/s in the
near future. OTDM rests on the generation of high quality
mode-locked pulses with a high repetition rate. Mode-
locking techniques can be roughly divided into two main
categories.  passive mode locking using a saturable
absorber and active mode locking. The fragility of the
saturable absorber is the main drawback of the former

method, whereas the latter needs a very fast electronic drive.

The DISC-loop type pulse generator using DISC [1]
(Figure 1) was proposed to solve these problems [2] (Figure
2).

DISC

data pulses (1) MZ1

data pulses (A:)

UL | e o LU

T
PC P PC P

CW light (22)

Fig. 1: DISC structure
SOA : Semiconductor Optical Amplifer, MZI : Mach-Zehnder
interferometer, PC : polarization controller, P : polarizer

The pulse repetition rate, full-width at half-maximum
(FWHM) is determined by free spectral range (FSR) of
etalon, delay time of calcite. DISC-loop can generate short
pulse such as 1ps, so we expect to drive it with 160GHz.

Recently, the pulse generation at repetition rate = 40GHz,
FWHM = 2ps was reported [2]. However, these results
were operated with multimode oscillation. If multimode
oscillation is occurred, the pulse repetition rate isn’t settled.
We must drive DISC-loop with singlemode oscillation to be
settled pulse repetition rate. About previous results, if using
an etalon 3dB bandwidth = 400MHz, we can drive DISC-
loop with singlemode oscillation.

{ DISC

(C

PC

delay ==,
etalon

Output

Fig. 2: DISC-loop type pul se generator
DISC : switch CW, etalon : determining repetition rate
delay : adjust cavity length, EDFA : compensate loss in loop

In this letter, we measured the oscillation bandwidth of
Erbium doped fiber amplifier ring laser (EFRL) with the
same cavity length as our DISC-loop and using a high
finesse etalon to test whether the 3dB bandwidth is enough
narrow.

2. EXPEREMENTAL SETUP

Figure 3 shows the experimental setup. The gain medium
of the EFRL was an Erbium-doped fiber amplifier (EDFA).
The cavity length was 46m. In EFRL, polarization
controller (PC) and polarizer (P) were used to be output
with single polarity.

EDFA BPF 2.5km SMF

ERFL

Delayed self heterodyne

Fig. 3 : Experimental setup
solid line : optical path, dashed line : electric path



A cavity length determines frequency space of multimode
oscillation. When cavity length is 46m, frequency space is
5.1MHz. Delayed self heterodyne is useful to measure
bandwidth with oscillating such narrow space. In generaly,
a acoustic optical modulator is used. But measurement
range of oscillation is limited about 100MHz. We used a
LiNbO; modulator (LN) and a Electro-Absorption
modulator (EAM) to expand the range. The LN and EAM
modulated the EFRL output (modulation frequency of
6.24GHz and 0.90GHz, respectively), and mixed these to
generate beat signal. The beat signal was converted electric
signal by the photo detector (PD), and measured by the
electric spectrum analyzer (ESA). The frequency resolution
of the delayed self heterodyne is determined by fiber length
of delay. We used a single mode fiber (SMF) with alength
of 2.5km, giving a frequency resolution of 19kHz.

3.RESULT

Fig.4 shows pump power vs. output power and output
spectrum from EFRL when using a etalon (FSR = 40GHz,
finesse = 93, 3dB bandwidth = 0.43GHz, etalon-#a). When
the pump power = 28mW, laser oscillation was occurred.
We set pump current = 60mA to align condition of DISC-
loop. Total gain in EFAL is threshold + 15dB [5]. Optical
signa noise ratio (OSNR) of the output is 50dB.
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Fig. 4 : (a) EFRL output characteristic using etalon-#a, threshold
pump current = 28mA (threshold pump power = 10mWw)

(b): EFRL output spectrum, pump current = 60mA (pump power =
31mW, Tota gain = threshold + 15dB)
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Fig. 5. (a):Comparison EFRL oscillation bandwidth and DISC-
loop one. (b):Comparison EFRL number of longitudinal mode and
DISC-loop one.

(c):RF spectrum using etalon-#a (3dB bandwidth =430MHz)
(d):RF spectrum using etalon-#b (3dB bandwidth = 2.0GHz)

Figure 5 shows results of heterodyne. From figure 5 (a), we
found that oscillation bandwidth of Erbium-doped fiber
amplifier ring laser (EFRL), same cavity length as DISC-
loop and using the same etalon, were coincident with
oscillation bandwidth of pulse from DISC-loop. From
figure 5 (b) shows number of longitudinal mode in 10dB
bandwidth. When using etalon-#b, FSR = 40GHz, finesse =
20, 3dB bandwidth = 2.0GHz, the number was 24. Figure 5
(c) and 5 (d) show RF spectrum obtained by delayed self
heterodyne. When using the etalon-#a, side mode
suppression ratio (SMSR) is 39dB. And the SMSR is 0dB,
10dB oscillation bandwidth is 96MHz when using etalon-
#b. When we drove DISC-loop using etalon-#b, 10dB
oscillation bandwidth was 72MHz and the number of
longitudinal mode was 12 [6].

4. CONCLUSION

We have demonstrated that the use of a high finesse
etalon in a EFRL results in the generation of single mode
pulses with a side mode suppression ratio of 39dB. The
application of the same technique to a DISC-loop pulse
generator, with its intrinsic advantages for independent
selection of temporal pulse-width and repetition rate, will
give rise to the generation of high-quality single mode
pulses at high repetition rates for future OTDM networks.
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Ultrashort pulses with repetition rate over 40 GHz are needful for the optical time-division
multiplexing (OTDM), which operate over 160 Gb/s in the near future. The delayed
interferometer signal converter (DISC) [1] loop type pulse generator (Fig. 1) has the
advantages in the long-term stability, large-scale integration in the near future [2]. In this
scheme, the pulse repetition rate and the pulsewidth are determined by the etalon free
spectral range (FSR) and delay time in the Mach-Zehnder interferometer, respectively.

Previously, we demonstrated pulse generation at repetition rate = 40 GHz, pulse width = 2
ps with this scheme [3] . However, these results suffered from multi mode oscillation
preventing the stabilization of repetition rate, so we aim at the generation of high quality
pulses with single mode oscillation. One of the ways of removing multimode oscillation is the
use of high finesse etalons. Fig. 2 shows the measured number of longitudinal modes as a
function of the etalon bandwidth. We can extrapolate that oscillation will be single mode for a
bandwidth about 400 MHz (finesse 100). Fig. 3 shows the measured transmittance of an
etalon with finesse 220 (3dB bandwidth = 180 MHz), which should result in single mode
operation when used in the DISC-loop.

In the symposium, we will present some results with using the high finesse etalons.
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Fig. 1. DISC-loop type pulse generator
CW: continues wave

PC: polarization controller

SOA: semiconductor optical amplifier
P: polarizer

MZI: Mach-Zehnder interferometer

Fig. 3. Transmittance of high finesse etalon

dot: Measured point around 1550 nm (192 THz)
dash line: fitting curve

3dB band width = 180 MHz, finesse = 220

Fig. 2. Number of longitudinal mode
on pulse generation (40GHz, 5ps)
dash line: approximated curve
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