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Abstract

High-speed and ultrashort optical pulse source could be used to
transmit optical signals in high—speed optical fiber communication system,
space optical communication system and optical sampling system. This
thesis is focused on research of high—-speed laser and optical sampling
techniques on theory and experiment.

In high—speed optical communications system and Ultrawide—Bandwidth
Optical sampling system, the high - stability, ultrashort optical source
is one key apparatus. In this thesis, firstly on theory we discussed the
relationship between the parameters of the gain—switched laser and the
width , the timing jitter of the optical pulses .We studied the
distribution of the frequency chirp.On experiment we respectively did
investigation about 100MHz, 1GHz, 2. 5GHz, bGHz and 10GHz gain—switched
laser.One novel external injection gain—switched laser design was
invented, and this novel laser can export low—timing—jitter, narrow, hight
stability optical streams and decrease the cost. Secondly we theoretically
discussed the characterstics of the electrical— absorption - modulator
(EAM) laser and cascaded EAM laser, experimentally we successfully
generated 10GHz, 20GHz and 40GHz ultrashort optical pulse trains.We
discovered one novel scheme of generating 40GHz optical pulse stream
by using two cascaded EAM driven by 20GHz sine wave .Finally we did some
simulations about high-order soliton compression , fundamental soliton
transmission, dispersion compensation compression and high nonlinear
fiber compression. We experimentally proved the optical pulse compression
solution by using of the dispersion compensation fiber and high nonlinear
fiber.

Optical sampling systems have lots of applications on high—speed
information measurement , which include high bit rate waveform and eye

diagram measurements, measurements of constellation diagrams of phase



modulated data signals, time-resolved measurements of the state—of-
polarization as well as investigations of fiber transmission
impairments. In this thesis, we successfully built two optical sampling
sources .0One is passive mode—locked fiber laser , the other is
semiconductor gain-switched laser under external continue wave light
injection .We also invented one similarity— “8” —figure repetition
frequency tunable novel passive mode—locked fiber.On the basic of
research on optical sampling source , we successfully built one sampling
system using PPLN crystal and gained optical sampling waveform of 40GHz
optical pulse stream. Finally, we studied the data fit of optical sampling
on theory .

Key Word Ultrawide-Bandwidth, High-speed Optical Source, Gain

Switching, Electrical Absorption Modulation, Optical Sampling.
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MU, LR AR R FOWEO LA (WIDFBIEOLAR) 55 B i i 25 AR 45 A
A6 PG — T A S FH R LI i U o SR (R G USRI T P RSO o 25 11 e M M i
Retk, 7RG E N, HFR IR 5 P HIEAME RE ™ A2 A e ¥ R 3 1 e ik ot
D (=i ¥ T ta o¥ T QUL Ny RS e < BT SN o Y= (190 7 QN 5 2 Rl SN
FIVESEOL R, AR BBk U EAMIR ABIFE R, JF BT = A Rk P AN 22 .
DFBYOL: #5 SEAMBL B2 R v] BRI HRFE o I HLEAMBEICR: P s ik s 4 4 A 7
AR Rk [EBRE, Agere. NEL. MultiplexZ#/\ W] U5 10Gbit/s
R [FDFB—LD/EAMBE SR/ it o 1T TG TS RS AR S ) il . KA
(K7 1) 2 J&, 40Gbi t/ s a5 vy R (1 DFB — LD/ EAMEE 4L 2F sk 1 A 224 115 RO 7 4
AR 2002 4EOFCEIN L, H. Feng® NRIE T 4l S5 MR Bt 5 159 2110
40Gbit/ st i ADFB-LD/EAM IO G AN B, Jab e e (R il i oty 9l ik 45GHz, 14
W HL I 3. OVINF BN ARG EE A 9dB™ . R BT HLET ) 40Gbit/s NRZGAE 54
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o Ak T S LT AL S 58K o] LAAS B IR B o Y. Akage 5 AHRIE T R
F A AT i AR IFTEAM 5 DFB-LDE A, 43 213 71 56 K T+ 50GHz 16 R S AR B
SRR BEA, WOMPRILD G5 by B — ke I 75 1 T 1 f i 1 SR04
(VCSEL) Ff%%F#. Chang-Hasnain®d T g £ i K VOSEL IR 9E T 4R
2003 4, P. Kner&# 4l 7R EHER G720, CAETE 1550nmip K 1T I w] 11
VCSEL, FHtH 1) B Ty Ze7E 10nmiBe K 1R 0 il A KT 0. 28mW, 17 55 /) B Af L i
KT ImA“". [F4E, A Filios% XA KN 1.55 umi) 2. 56bit/s H4 6l
PRI VCSELIEAT T A S5 50, AR G LR R RN TR], oM (A 25 T ik
100-800km ™™,
1. 2. 2 A B

1.2, 2.1 JeEFHOBaR R e JiFe™

TECEF BRI I 24 16 RABIHLHIG AR AT G803 4T AR A A
Jers, PO SR A LTS AT O LR D] s LT RO AR
F[F56 240 7] (American optical corporation) [fJSnitzerflKoestert 1963 4F
BB DG BOGE MO 1R S . i TG S VA K R, Juerifilit T2
P PO AR H ARG, S LGS RO 0 R R B8 T kil B
FEWOE WA T AR DL G LT AR R L 2T Bk e, 38 & 2 PO R H 1
(11 AT IO G2 AN W b 0 BTt o IR F A, AN H i85 o G TR DG 21 T8 TR Y
23 7 T T A ) G S A ) PO I A
(1) 1963 4t R — & e ok ™

5 =N (W B GETAE MU M I 280 R A3 3 T 47dBRY 25 . 1063nm/1y 04
o AH H TG ET I FAVE R BN HE LA O, DAL AR 06 AT B0 G s IRIT ST AT 450 i A
AR o
(2) 1973 FEPFO G FHBAR LI, I GEFHOE s 1K BB R A ) o
(3) 1974 4FF I T - S GE JaF Hos ™
(4) 1986 TEBHOCLTHON A (EDFA) I, AMXES TR K T HoRFdr, 1 H.
[l INHES) T 84 1T ZOLEF OGRS
(5) btthad 80 HEARAKM, MWk H] (Polaroid Corp. Cambridge, MA) Fl [E
LG ORI T XU 2 58 (R G RO 3 o AT A A% 8 5 S A AR Th
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AL G EHRS & B R ET S A 7 2 U RS TGO s i)
.,
(6) 1990 472 S ARSI 1 i) WG L OB s L™
(7) 1991 4EDiningSEHLV B A0 bt B BB T 0% ™
(8) 2001 4F 4 JJK. Furusawafs N E XM —BAE 1 o mfffi A O BIKE 8
ST IR IGET ST T RGO A . JLIS TR PP, R —AN 75 0 T I8
LB, ik 15ps, T 17w,
(9) 2002 4F 11 JH. Lim%5 NH DG T AT AE BRI B G EHBOLE A 52
LT 100fs, InJ, HEEA 60MHz W BB Ik rh 4 th o BB B S 307 2275 6 )
LTINET IR
(10) 2002 4F 12 HA. V. Avdokhin® NFIFGTiMAOLET, 7EBE “8” FA
JELTOE A SEBL T 850 s (KIBTRE ik rh i
(1152003 4FL. F. Nelson% AFJH T Stretched-pul sefi RSZHL T 100fs, 2. 7n]
(KPR ik bt o i E RTHRE R (K ) RE R K 4B BB R o8 ™
(12) 2003 4= 8 HF. 0. Llday% N{EBEINEEO G Bz kbG8 L4 5n],
fikh v 5 50f's, VE(E A 80kW, 235mW P32, Huli 1. 03 u mif kb ¥,
XL F AT AR KA AR AT I R AT At o FL Bk g T
YDy 2 H i (BB G £TO0 5 IR A, U8 (B D 62 S8 T e I BB 4T
JERRI TR . E IR DAl B A BO R
(13) 2003 4£J. Limpert&& ARG T A GET S T A6 T Wk Ak v 80K &
g8, BN RTEAS I E P BT O ET (step-index fiber) #8, JEOKHESS> BB
BRI T AAIELT (PC LMA fiber) M8, 1 FR 4% HH 23 S Ok 7 i Aok 1
(air-guiding photonic crystal fiber)#/f. %RG =L T VRN 6. OW,
WA Ty 0. 82MW, ik 55 Ay 100£s Ry LIk o B IR AU PT REHIE HARFR AR A
A EFAR B e W T S R o ok i () YR £FCPA R B ™

o [E] 1) 9 22 38 O I IR 7T S g 5 L PR R DB R KAE . SR
Polaroid Corporation. Bell &%, IPG Photonics 2wl LA HAHK) NTT
ARG BO G T T A VF 2 R UR

1. 2. 2.2 SEFHOEAR R
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JCEFWOGE T HARF I 450, T E RSO E T A R A& e
A g o

(1) REFMHBARFRLL, Py LUCHGALEF, o] ) B0 X

(2) MBI

(3) it (AREHE 231k 50dB) ;

(4) R R (R] ik 20%) SCEAFEOEAE FOHFER T 1% kT =BR8P i
BE, [ SRR SR A EO A ( Nd BOE RS0 Mwif oA s

(5) BEARRI G i s

(6) Zif%ik, ARV,

(D Gy TSRS, 5 Tk,

(8) IEAMREA. A

(9) mlasE. maldErE. ST 4ed . KAdr O100khrs) . fIGHAS .

AR, OGRS A M T St . 285, OB
PP UBOCARLN, 1% FARBOCE AL IR R LI O . X EE R
[ 5 R ) 2 o th A LA 0 AR T 10 80 100 £, R T S
FKAFAISAT IR TE . HT, BT [RS8 PR v (R o™= i (0 AR
OGS W, 25 B2 53~ I P 42 TAF Jokbsint 1) (MTBE) {EEEHY 20
Ji 7N

SCEFHO G T I D ST Fogl,  F HARMS P R 22 m] USEBL 10
DT ECRI RN TR E = S 44 1O e i 4l AR A ] (Trump) o 2
S5 PE IR (Rofin-Sinar) v AW (Jenoptik) v KEAHT 2 7] (Coherent) . Jiik
Y3 s v (Spectra-Physics) #R7E NFAT KR DIHRWOGII A~ FIRE A . H 1T N
RIJHEIDCEFWOCR I ST 1)) KA R EM JDS Uniphase FIE [ (1)
IPGPhotonics %5,

Bt 7 b s SRR R RN A = L2 AR o8 3%, P AR O G R DG ET 4
PEIAE P A S KK IR, K S AR LR O A (K AR 5 35 ML SO R 5%
FRAAALL A, Iz HAR S 1 ERE, SCAFBOtE xR SOt S AT = A E K
AR BRI 50 o
1.2.2.3 JeeFHOL ARt 732K
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H ML HOG S A TR, SRR s, BEIT . aRE . JbfEE. Ok
CRRRMR . RDIZRBOCHS . ks N L2577 1 s TR e, &Rt A4
DYELZFE. ST R oy K] 4y ™
(1) Fabry-Perot FLZ&IEIGEF CRPBOGAE (N 5T B8 B ROG 21 A7 Bk St 84
FBG) ;

(2) HTEBEICET R BOGHS;

(3) “8” FIBIuel R HOLA
FRR T CnT o o
(1) FEFBAL;

(2) WeahBisL
(3) THBhR GBI
FB AWM LT R IR, FRMET WP EOE A 2 LU AL
(1) BHDGL RAPHOGE (155 wm ), AL Tl A SO EF A S kX
(2) BEOG BROLE (1.03um K , 7T Hl A SO IE A EIX .
PO AR L PR B A ) = B4y
(1) I8 (soliton mode—locking) YCL ot 2%,

(2) FESEWKMPBUEE (Strached-pulse mode-locking) Yoot 28:

(3) ALK AL (Self-similar mode—locking) Ye2Tidt#s .

1. 2. 2.4 PEEHBBOCLBOERE ™

WAL — MR GAR L RO, BEAE IR A AN AT ART 1 1 2% 2 2R AT A7 Ut
PERS LT SRR S Rk b o LA S T AT ] B b R by R Tl 2 AR R Ik 2 )
B NG IR R SR RE AR 73 3 B S N Il B 2 T e T it o 3 TR A i
WA BT LA LA

(1) I mr o s i

FLAE 20 tHhad 70 AEAR, RTMRANRISOAR TV T TR s B . 7E N BB AR

AT, X2 BB 7 200 38 I 2% RS B i el o 2 AR A PR BRE A
R AA, IR 75 5 BRAR BB BEAR S s ot bk P e I AR A B, 1 2538
I FRFER TP s oy (LA AR A SR R ), 45 kb e id ik
WAL PR3 2 v gl A4 T

WS B Bk oy 2™, BRI N Bk TR 20 22 A
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i, BB B A DS ISR R sk v, RIS A Re B OB R Rl HE 31 ik
AN 2 A T B L0 B T S 2R A SR A L . BOGEF OGS, BRI (GVD)
FEAHAL S (SPMD BB P TE O R b il 1 S . $R 3 —FPREXS
Lps il SR 10 o ) 7 4 i I ) PR ) o RS ke S A 0 Ry O . 1991 4 —
iR S K121 SARADRL E IR AR IR R B AP EFMO 3 (EDFL) SEIL T #3h A,
B T 1 2psRURIEENK R . 1993 4, BT R SRS OB Y 82 A A
J, B MIH 7. 8nm)F 1) InGaAsIR R AT 6. 5nm)5 ) InPiE W JZ MR, 220itk
K, BB (K 9815 2 840Fs, PRfkh g 0. 85n], HAANA 22MHz ™ . 2008
FARD A, V. Tausenevi AHRIE 1A FH —Fifi g KA 1 by v R SC 44 /7 3A
JEEDFLH SCBL 7888, i T 7mW. FEGAE 50MHz KT8 177 sk
5
(2) FIHARZME G I B8

TEICEFHOGAS T Ad I P S R o] RSO (AN 2 A FE BB T oA G 4T 45
Fo SEREARLMCET RS (Sagnac T 0 —MEdrg, ©HA SHmER
RIBE SR, ol MG RIS A —FEAS A ik ™ o Al LR e 4T IR B idk
ITHB BRI ERROLAS,  BROLE AR H Bl “87 FIBWOLAE .
B BRI R W BOM B B . AEZe M BORFRESE (NALMD T+ 1991 4
UHF L BOE S B S B ™ . — MRV “8” FIRIOL MR AT 2% T
100f s GlkHe S TR R Gk, 175 LR EDFLIY i th ik 22 5 EDFA T
Ko BRI ASCETAT R 4E,  nI3RAT 30£ KTk ph 4 o
(3) ) FH I e M s 41 e 4 2 12

AN A IEAS R 2 A AT AR, FARAL R E] (SPMD FIXPM
S0 5 | P 88 AR 1) i 5 Ak ml FH R 2R OB 3™ . I B , AE
A 475 S 25 2 T AT — e B 9 2 A S B TC A, AR 90 % 120 24 O 12 1 £l e
FEXCEAER, J6AE BT RR B 38 5 A Ze PRI o BifJS — A P il 2 R 1
AR R o« 7 kA B R RE o, SPMANXPM S SUIAHAS 43 SR T AN IE A2 0
o b, A HARPRS IR LM AR o AR OC I o PR 50— AN il s e A e
ik e o e i B, A1l e o 2 45 B 37 Tk kvt e ok £ v i 82 58 43 1 LR A
s EE KR 3, a5 R R I AT IR — RS AN o SRR G A0 AR v A
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MRS AARAR AL o

EL M AR e H R T 1992 415 O TS B BOGLT OGS, JFRIL AL
BRI AR . 2 1992 AR, OAF X RpH AR SRR 68 F R S
FhRkoR (452Fs) Hit, BEEMURN 42002, 1993 4F, EHER AR —BCF
PIIEGVDIBAHIC LT, 1595 A8 B AN [ T2 53 ) /& 90pJ A LKW 77 sfkah™™
1.2.2.5 FIBIBOCLHOGE

WA BUBLHO A 1 T S AURAGE 5 KA, HE AR — B JL IR
E T 2IOE . I, B BRSO A% (K T SR I RSN B (8
WAEEE KNG S L. BT AR R AR B BBREO SRS
LRI AE R G0/ W4 AR AT R o 0T e/ O G A SR, BT
I Bl 5 1 R AE JLANGHz B JL+GHz, HE 2 E T GHz KK, BRHAd A 230
BUBOC O G AR R X — Bk . XTI R TAE O3 3 TR 2k e
[%7105]0

BB K A I RIR B (SRR RIS T (B s
T BRI KR TR RIS AR, A AER AN (HRIE D 8
FM B D) B 2 Sl AT e 1RO T B i R w1 BER Ay - AMCFHEMAER 7 A 1
AR, A E] B e IR e, A TR A T BRI BRI, 3 L83 5T A
AR B, IR IS EBARNLIED o IR BIS B AR HO A I M REE A BT
B, UK PR R AR AN B . RAE 1990 4, I s L iNbO,
BRI R A AR A i 21 30GHZ ™ 5 1999 4EF IR BRIk 43 T 64GHzZ.
Rksi A 3. 3ps Gkt PP 41 B 2001 4F i BB L0 4% CUREF=2E 154GHz
(Kelkeb 750 o FE OO T AT R AR S kop s B,
BT T BRP TR AREF R A 0 AEARSKBDCEE T, D i —
2 M
1. 2.3 HRITRFIEBOLR

8 5 O SO T HAT RN . AR, SR e T i
FIVERE AR BEAS T s R e PSR i, BRI 2 0G0, JEA 20 tE2d )\ 4
FARIFFIRLE A SR BRI COBRIE S 5 — = [1-161) o BT 19 85 508
DG B Gk P S A AR E RS R RO o Bk 8 AR 8 o ik
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FHALRIAH G TE 2255 i i, DRI e AR B G A5 R Ge b (S gt 52 3 1 BRI (H 2
Bt T BB BT i B AR IANTEE S, 8 55 T OGO GRS 2K 7F AR ke v/
DG ORI E AR, AN SRS R A T S OX RO A, FR
AHER
1. 2. 4 HABGIE

HAT, 755250 % B H 1w Ui i A AR R s BRI O s 3, &
AT B ST AR — M AE 10GHz 2] 40GHz, WA AT LA, o Sehkop (s 5 HAA K
Bl 1ps A IINKTE  HE, BT S ARBO G 2% 5 EERR IR IN 0 YA A T
AP, SRR G LA E AN B8, Jf I TR e A i .
B, PSR WAL R H ATIE B RIS RGP R 2

BADJUER, WSRO B TARBUN, ARG Boetblr, TR
i1, ZEIRFMEM . 20014FBerton E.CallicattmIhHl T BEr/Ybi#k 2k
B FWOEES, FhkeRs. 2ps, AR 10MHZ"; 20024F John B. Schlager
TR 2T, DI HIE T sl B WOk, WKAE1540nm, ik v B
R, B 1ars M o X RO AR 1 A R RS G YR AT R
T ANBHRE ST 17

1.2. 5 KJE#
e R A R K R ' YR A SR v A R/ N % R T8 At A KRR

TS R SR o W SRARSE G LTI A LR 7 TR A SR, B kb e 0 401
T A LR K

(D SR AR N 1Z 56 TAR S 180 i oA SRk R8RS E T
P, IR IR TE @ PEA M 2L 53 A0 AT B IR i o B R A, DRI
JEIE T H S B R G AL 5, T SR I BN A A A, 5 B0 1
PR, R R GE I A R R P kPR RS

(2) JGUR A DA b 2R % K, DU Y H D 2R 1K R/ LB DG A R
H AR EE B DGR DDA, ARG b kB Bt G, ER G SO R
DZIRR, G LAET AR MRS, WRIGLT AR RFEA RV

(3) mrEErE,. Hark. SN LAELGGK, WEA . HirmE DRk
IR TAE A Al 106 Ji/N (25100 42), — A R h Wl (s .

24



B % w

(4) FrHRcR R, W R R, mHEE R T TR &R, 5T
Te N Akl A LU B (. H T AR AR HE R KT 10%, #ked Bk
3 50% .

(5) JGUERAZINARACHE, ReflbwAr", FIARN, EER, M TEEMIES
N

Ak HUE A L WDM AR%i R %8, OTDM A /4%, I /& WDM A OTDM VR & R 4,
SR THEFU B AR AR R S, IR IEAE QKN bR 1l fs, AT IARE
R4, EGEE MR i RS SR T R . Gk
FANIEAS R, IR AT A, AR SOR BNl IR, 2
WESAT R RE: AR, SR A 2 DiRe.

&1.3 AR EZRBIKR

AR R 25 5 G T A5 X 28w Q] 30E — 25 3 ey B A 1 A B 03 2 A 9 Ak 1)
—IUK T . H AR 40Gbit/ sAERTR I B HWDMAR L C L oy %K)

LT 1.28Tbit/s A&x"", FIHIDQPKAGSLEL T 2. 56 Thit/sFadiftim . 1&
e v PR ) D' 2R 8 AT SR A i A 1) O R R A 0 R ORI AT A 19 8% ]
SEVE (R O I, A P EBURE 7 B 28 R PR R RN S48 00 2R 458 e Ty
HAT 65-T0GHz, AEHERGI & Ik ek BAT Tps™™ o o T B (s il il R i it
100Gb i t/s M) s A7 9 2 L 28 JGVE P AL 8 (1) A U A A 5 o . SR
DM EBURE N 43 A T 2 SR P, 7 0T PS80 ol Ay 8 vy T8 D) 295 v 4555 8 114D O B
FARMM H AR CERE N g C T LU E] 1. 28Tbit/sHImg s, wl L
R 5 640Gbi t/sPR P o SEHURE R I B AT 8 IR, nl FH iR 3 1 1
COOK D 114 ey 34 50 i 9k 1) 3ok T R0 B ) )t ™, AR A7 1 ) 1) A R T
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I 4503 it Pl LA B 4T A i B 4 T

ST OGN s AR BRI R G BPOGERIE T RS O
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175
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g BRSNS B LB AR R Bt BORR K BB R SR AT 9 SN

26



P

B g @©

I A ECBFEBR MBI A SCIR AT ST H-E R R 5 i

27 3Rk

[1]T. H.Maiman, Nature 187, 1960:493

[2] C.K.Kao and G. A.Hockham, “Dielectric—fiber surface waveguide for
optical frequency” .Proc. IEE, 1966:1151-1158

[3]F. P. Kapron, D. B. Kek and R.D.Maurer, Appl. Lett. 1970, Vol (17) :423

[4]1. Hayashi, M. B. Panish, P. W. Foy and S. Sumski, Appl. Phys. Lett. 1970, Vol
(17) :109

[5]Y. K. Park, T. V. Nguyen and 0. Mizuhara. “Field demonstration of 10-Gb/s
line-rate transmission on an installed transoceanic submarine lightwave
cable” , IEEE Photon Technol. Lett., 1996, 8 (3) :425-427

(6] % “OGIAT FI RIS ORI A2 AR AR S b (R N FHAIT 9T 5 RO
IR 1-10 FHMOKA

[7]K. Fukuchi, et al. “10.92Tbit/s (273X 40Gbit/s triple—band/ultra—dense
WDM optical repeated transmission experiment ” ,0FC2001, Postdeadline
paper, PD24, Anaheim, CA, march 2001

[8]S.Bigo, et al. “10.2Tbit/s(256X42. 7Gbit/s)PDMXWDM transmission
over 1000km Teralight fiber with 1.28bits/s/Hz spectral ef.ciency” ,
Proc. OFC2001 Postdeadline paper, PD24, Anaheim, CA, March 2001

[9]P.S. Cho, PSinhat, D. Mahgerefteh, et al. “All-optical 2R regeneration of
10Gbit/s RZ data transmitted over 30, 000km in a dispersion—managed system
using an electroabsorption Modulator” , OFC 2000, WM22:1-4

[10]W.S.Lee, D.Garthe, G.A.Pettitt, et al. “40Gbit/s TDM transmission
over 160km (2X80km) of standard nondispersion—shifted fiber” OFC 97:
244-245

[11] G.A. Thomas, B. L. Shraiman, P. F. Glodis and M. J.Stephan, Nature 404,
2000: 262

27



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

[12] M. Schmidt, M. Witte, F. Buchali, E. Lach, E. Le Rouzic, S. Salaun, S.

Vorbeck, and R. Leppla, “8 X 170 Gbit/s DWDM field transmission
experiment over 430 km SSMF using adaptive PMD compensation, ” in Proc.

30th Eur. Conf. Opt. Commun. (EC0C2004), Stockholm, Sweden, Paper PD
TH4. 1.2

[13] E. Lach, K. Schuh, M. Schmidt, B. Junginger, G. Charlet, P. Pecci,

andG. Veith, “7 X 170 Gbit/s (160 Gbit/s + FEC overhead) DWDM
transmissionwith 0.53 bit/s/Hz spectral efficiency over long haul
distance of standard SMF, ” Proc. 29th Eur. Conf. Opt. Commun. (EC0C2003).

Rimini, Italy: 68 - 69

[14]N. S. Bergano and C.R.Davidson. “Wavelength division multiplexing in
long—haul transmission systems” ,J.Lightwave  technol, 1996 14(6):

1299-1308

[15]T. Tsuritani, A. Agata, K. Imai, et al. “35GHz—spaced-20Gbps X 100WDM RZ

transmission over 2700km using SMF-based dispersion flattened fiber
span” , ECOC 2000, Post-Deadline Papers, 1.5

[16] T. Healy, F.C. Garcia Gunning , E. Pincemin, B. Cuenot, A.D. Ellis,

“1,200 km SMF (100 km spans) 280 Gbit/s Coherent WDM Transmission using
Hybrid Raman/EDFA Amplification” EC0C2007 SESSIONI. 3

[17] K. Schuh, M. Schmidt, E. Lach, B. Junginger, A. Klekamp, G. Veith,

andP. Sillard, “4 X 160 Gbit/s DWDM/OTDM transmission over 3 X 80 km
TeraLightTM-reverse TeralLightTM fibre, ” in Proc. 28th Eur. Conf. Opt.

Commun. (EC0C2002), Copenhagen, Denmark, Paper 2. 1.2

[18] A. Suzuki, X. Wang, T. Hasegawa, Y. Ogawa, S. Arahira, K. Tajima,

and S. Nakamura, “8 X 160 Gb/s (1.28 Tb/s) DWDM/OTDM unrepeatered
transmission over 140 km standard fiber by semiconductor—based
devices” , in Proc. 29th Eur. Conf. Opt. Commun. (ECOC2003), Rimini, Italy:
44 - 47

[19] H. G. Weber, S. Ferber, M. Kroh, C. Schmidt-Langhorst, R. Ludwig, V.

28



ot .

B g @©

Marembert, C. Boerner, F. Futami, S. Watanabe, and C. Schubert, “Single
channel 1.28 Tbhit/s and 2.56 Thit/s DQPSK transmission,” in Proc. 31lst
Fur. Conf. Opt. Commun. (EC0C2006), Glasgow, U.K., 2005, Post-
Deadline Paper 4.1

[20] L.M " oller, Y. Su, X. Liu, J. Leuthold, and C. Xie, “Generation of
160 Gb/s carrier—suppressed return—to—zero signals, ” in Proc. 29th Eur.
Conf. Opt.Commun. (EC0C2003), Rimini, Italy: 50 -51

[21] L.M " oller, Y. Su, X. Liu, J. Leuthold, and C. Xie, “Generation of
160 Gb/scarrier—suppressed return—to-zero signals, ” in Proc. 29th Eur.
Conf. Opt. Commun. (ECOC2003), Rimini, Italy:50-51

[22] S. Kieckbusch, S. Ferber, H. Rosenfeldt, R. Ludwig, C. Boerner,
A. Ehrhardt, E. Brinkmeyer, and H.-G. Weber, “Automatic PMD compensator
in a 160-Gb/s OTDM transmission over deployed fiber using RZ-DPSK
modulation format, ” J. Lightw. Technol., 2005 23(1): 165 -171

[23] T. Ohara, H. Takara, I. Shake, K. Mori, S. Kawanishi, S. Mino, T.
Yamada, M. Ishii, T. Kitoh, T. Kitagawa, K. R. Parameswaran, and M. M. Fe jer,
“160-Gb/s optical-time—division multiplexing with PPLN hybrid
integrated planner lightwave circuit, ” IEEE Photon. Technol. Lett., 2003
15(2): 302 - 304

[24] M. Kagawa, H. Murai, H. Tsuji, and K. Fujii, “Single channel 40
Gbit/sbased 160 Gbit/s OTDMtransmission over 180 km of SMF, ” 1in Tech.
Dig. 7th Optoelectron. Commun. Conf. (OECC2002):20 - 21

[25] G. Lehmann, W. Schairer, H. Rohde, E. Sikora, Y. R. Zhou, A. Lord,D.
Payne, J. P. Turkiewicz, E. Tangdiongga, G. D. Khoe, and H. deWaardt, “160
Gbit/s OTDM transmission field trial over 550 km of legacy SSMF, ” in Proc.
30th FEur. Conf. Opt. Commun. (ECOC2004), Stockholm, Sweden, Paper
Wel. 5.2

[26]A. K. Srivastava et al. “1Tb/s transmission of 100 WDM 10Gb/s channels
over 400km of TueWave TM fiber” , OFC 98, PD10

29



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

[27]M. Yamada et al. “Gain—flattened tellurite-based EDFA with a flat
amplification bandwidth of 76 nm” , OFC 98, PD7

[28]Y. Emori et al. “100nm bandwidth flat gain Raman amplifiers pumped and
gain—equalized by 12-waveelength—channel WDM high power laser
diodes , OFC 99, PD19

[29]T. Tsuritani, A.Agata, K. Imai, etal. “35GHz - spaced —20Gbps X 100 WDM
RZ transmission over 2700km using SMF-based dispersion flattened fiber
span” , ECOC 2000, Post-Deadline Papers, 1.5

[30]P.P.Mitra and J.B.Stark “Nonlinear limits to the information
capacity of optical fiber communications” Nature4ll, 2001:1027

[31]M. Nakazawa, T. Yamamoto and K.R. Tanura. “1.28Tbit/s—70km  OTDM
transmission using third-and fourth - order simultaneous dispersion
compensation with aphase modulator” , ECOC 2000, Post—Eeadline Papers, 2. 6
[32]S.W. Seo, K. Bergman and P.R.Prucnal. “Transparent optical networks
with time—division multiplexing” , IEEE J.on Selected Areas in Commun,
1996 14(5) :1039-1051

[33]R. A.Barry, V.W.S.Chan ,K.L.Hall,et al. “All-optical network
consortium—ultrafast TDM networks” IEEE J.onSelected Areas in Commun,
1996 14(5) :999-1012

[34]D. Cotter, J.K.Lucek and  D.D.Marcenac. “Ultra—high-bit-rate
networking :from the transcontinential backbone to the desktop” , IEEE
Commun. Mag, 1997: 90-95

[35]R. A. Barry, “Optical TDM networks andtechnology” OFC 97, TuQl:86-87
[36]P. Toliver, I.Glesk, R. J. Runser, et al. “routing of 100Gbit/s words in
a packet—-switchedoptical networiing demonstration (POND) node”
J.Lightwave Technol. 1998 16(12):2169-2180

[37]S.C. Rashleigh and R.Ulrich. “Polarization mode dispersion in
single-mode fibers” Opt. Lett, 1978, 3(1) :60-62

[38]G. J. Foschini and C.D.Poole. “Statistical theory of polarization

30



e

B g @©

dispersion in single mode fibers” J.Lightwabe Technol., 9:1439-1456, 1991
[39]N. J.Frigo, “A geometrical model of polarizatiaon mode

dispersion” , OFC 2000, WL1

[40]P. A. Andrekson, “High speed soliton transmission on installed

fibers ” OFC 2000, Tup2

[41] [SE]HRSR (Ivan P.Kaminow) , JG#a%t (Tingye Li) “Je4fifg” H—

R AEBTIE RS2 AL 2006 4F B 45 187~189

[42]M. W. Chabat, T. Fuerst, J. T. Anthony, et al “Long term field

demonstration of optical PMD compensation on an installed 0C-192

link” , OFC 99, Postdeadline papers, PD1

[43]A. Mecozzi, M. Shtaif, M. Tur, et al. “A simple compensator for high order

polarization mode dispersion effects” , OFC 2000, WL2
[44]7.Pan, Y. Xie, S. Lee, et al. “Chirp—free tunable PMD compensation using

Hi- Binolinearly —chirped FBGs in a dual-pass configuration” , OFC2000,

ThH2

[45]K. L. Hall and K. A. Rauschenbach. “100-Gbit/s bitwise logic” Opt. Lett,

1998, 23:1271-1273

[46]K. L.Hall, “High—speed TDMA techniques” , OFC 2000, Thv4

[47]T. Morioka, S. Kawanishi, H. Takara, et al. “100Gbit/s X 4ch, 100km

repeaterless TDM-WDM transmission using a single supercontinuum

source” , Electron. Lett, 1996, 32(5) :468-470

[48]T. Morioka, H. Takara, S. Kawanishi, et al. “1Tbit/s (100Gbit/s X 10

channel) OTDM /WDM transmission using a single supercontinuum WDM

source” ,Electron. Let, 1996 32(10):906-907

[49]S. Kawanishi, H. Takara, K. Uchiyanma, et al. “1.4Thit/s (200Gbit/s X 7
ch)50km optical transmission experiment” ,Electron.Lett, 1997 33
(20) :1716-1717

[50]S. Kawanishi, H. Tkara, K. Uchiyama, et al. “3Tbit/s (160Gbit/s X 16

ch) OTDM/WDM Transmission experiment” , OFC’ 99, Postdeadline papers, P1

31



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

[51] [SE]H S (Ivan P.Kaminow) , J5#i%t (Tingye Li) “Yeefilfs” #F—
i AERTHE R 2 AR 2006 4F A % 481~504

[52]Mickelson, A.R., et al..Optoelectronic Packaging, New York:J.Willey
&Sons, 1997

[53]Chraplyvy, A. R. Tkach, R. W. Terabit/Second Transmission Experiments
J. Quantum Electron. Vol. 34, 1998:2103-2108

[54] Jayaraman, V., “Theory, Design, and Performance of Extended Tuning
Range Semiconductor Lasers With Sampled Gratings” .IEEE J.Quantum
Electron., 1993 Vol. 29 (6) : 18241834

[55]Nash, Kluwer.Oberg,M.,et al . “Complete Single Mode Wavelength
Coverage Over 40nm with a Super Structure Grating DBR Laser” J.Lightwave
Technol., 1993 Vol. 13(9) : 1892-1898

[56]G. Sakaino, Y. Hisa, K. Takagi et al., “Transmission characteristics of
uncooled and directly modulated 1.3 micrometers distributed feedback
laser diode for serial 100Giga bit Ethernet, IEEE Semiconductor Laser
Con. , 2000:89-90

[57]J.K. White, C. Blaauw, P. Firth et al., 85°C investigation of uncooled 10Gb/s
directly modulated InGaAsp RWG GC-DFB laser, IEEE Photon. Tech. Lett., 2001, 13
(8) :773-775

[58]H. Nasu, T. Mukaihara, M. Oike et al. “25-GHz-spacing wavelength -
monitor integrated DFB laser module for DWDM applications” , IEEE Photon.
Tech. Lett., 2003, 15(2) :293-295

[59]K. Sato, S. Kuwahara, Y. Miyamoto et al. “Direct modulation of a
distributed feedback laser for 40Gbit/s very—short-reach optical
links” OFC’ 02, March:416-417

[60]T. Ido, S. Tanaka, M. Suzuki et al. “Ultra—high-speed multiple -
quantum -well electro—absorption optical modulators with integrated
waveguides” . IEEE J.Light. Tech., 1996, 14(9) :2026-2034

[61]].R. Burie, J.F.Cadiou, 0. L. Gouezigou et al. “Transform limit optical

32



ot .

B g @©

pulse at 40GHz from a 1.55um module with an integrated DFB laser
/electroabsorption modulator” ,in International Semiconductor Laser
Conference, 1998, TuD5:91-92

[62]H. Takeuchi, K. Tsuzuki, K. Sato et al. “Very high—speed light-source
module up to 40Gb/s containing an MQW electroabsorption modulator
integrated with a DFB laser” IEEE J.Sel. Top.Quant. Electron., 1997,
3(2) :336-343

[63]H. Feng, T.Makino, S. Ogita et al. “40Gb/s electro - absorption -
modulator —integrated DFB laser with optimized design” OFC’ 2002,
March:340-341

[64]Y. Akage, K. Kawano, S.Oku et al. “Wide bandwidth of over 50GHz
traveling—wave electrode electroabsorption modulator integrated DFB
lasers” IEEE Electron. Lett., 2001, 37(5):299-300

[65]C. J. Chang—Hasnain, M. W. Maeda, N. G. Stoffel et al. “Surface emitting
laser arrays with uniformly separated wavelengths” IEEE Semiconductor
Laser Conference, 1990, Sep. 9-14:18-19

[66]M. W. Maeda, C. J. Chang—Hasnain, A. V. Lehmen et al. “Multigigabit/s
operations of 16-wavelength vertical-cavity surface—emitting laser
array” IEEE Photon. Tech. Lett., 1991, 3(10) :863-865

[67]P. Kner, T. Kageyama, J. Boucart et al. “A  long-wavelength MEMs
tunableVCSEL incorporating a tunnel junction” IEEE Photon. Tech. Lett.,
2003, 15(9) :1183-1185

[68]A.Filios, R. G. Gastrejon, I. Tomkos et al. “Transmission performance of
a 1.5um2.5Gb/s directly modulated tunable VCSEL” , IEEE Photon. Tech.
Lett., 2003, 15(4) :599-601

[69]E. Snitzer, Optical dielectric waveguides, PGMTT National Symposium
Digest, 1961, 61 (1) :45-46

[70]W. L. Barnes, S. B. Poole, J.E. Townsend et al. “Er3+-Yb3+and Er3+doped
fiberLasers” IEEE Light. Technol., 1989, 7 (10) : 1461-1465

33



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

[71]S. Yamashita and K. Hotate, “Multiwavelength erbium—doped fiber laser

using intra-cavity etalon and cooled by 1liquid nitrogen” IEEE

Electron. Lett., 1996, 32(14) :1298-1299

[72]0. Graydon, W. H. Loh, R. I. Laming et al. “Triple-frequency operation of

an erbium—doped twincore fiber loop laser” IEEE Photon. Tech.

Lett., 1996, 8(1) :63-65

[73]A. Bellemare, M. Karasek, M. Rochette et al. “Room remperature

multifrequency erbium—doped fiber lasers anchored on the ITU frequency

grid” IEEE J.Light. Technol., 2000, 18 (6) :825-831

[74]B. A. Yu, J. Kwon, S. Chung et al. “Multiwavelength—switchable SOA-fiber

ring laser using sampled Hi-Bi fiber grating” , IEEE Electron. Lett., 2003,

39(8) :649-650

[75] FHEB “OGLTERIK T GUER A0 A AR BRI BFIT” TRl g S

2004 :2-5

[76] Edh “ CRPBEC Ao E ik = AE MBS BRI Hf ERFE B 7 22 6L

FThi-EiR3C 2007: 1-16

[77] E.Sintzer, Phys.Rev.Lett. 1963, 7:444,

[78] J. Stone and Burrus, Appl.Opt. Vol. 13, P1256 1974[2]]. Stone and Burrus,
Appl. Opt. 1974, 13:1256

[79] J.Yallain, M. Monerie, H. Poignant, Electron. Lett, 1990, 26(4) :261

[80] LN. Dining III, Opt. Lett. 1991, (16): 539

[81] K.Furusawa Electronics letters 26", 2001, 37(9)

[82] H. Lim OPTICS EXPRESS 2002 10(25): 1497

[83] A. V. Avdokhin 2003/Vol. 11, No. 3/0PTICS EXPRESS 265 — 269

[84] L. E. Nelson, S. B. Fleischer, G. Lenz, and E. P. Ippen, Opt. Lett.

21(1996)

[85] F. 0. Ilday, J. R. Buckley, OPTICS LETTERS 2003, 28(15): 1365

[86] 1.Limpert, T. Schreiber, S. Nolte, H. Zellmer, A. Tunnermann 2003:

1759

34



e

B g @©

[87]1Govind P.Agrawal “ARZMIGet g BN BB =i W Dk R
#2002 : 404-431

[88]A. E. Siegman , lasers University Science Books,Mill Valley, CA, 1986
[89]M. Zimgibl, L. W. Stulz, J. Stone at al.Electron.Lett. 1991 27 :1734
[90]W. H. Loh, D. Atkinson, P. R. Morkel, at al.Appl. Phys. Lett. 1993 63:4

[91] A. V. Tausenev, E. D. Obraztsova, A. S. Lobach, A. I. Chernov, V.
I. Konov, P. G. Kryukov, A. V. Konyashchenko, and E. M. Dianov “177 fs
erbium—doped fiber laser mode locked with a cellulose polymer film
containing single-wall carbon nanotubes” Appl. Phys. Lett. 2008
92:171113

[92]D. J. Richardson, A. B. Grudin and D. N. Payne, Electron. Lett. 1992 28:778
[93]K. Tamura, E. P. Ippen, H. A. Haus, and L. E. Nelson. “77-fs pulse
generation from a stretched-pulse mode-lockedall-fiber ring laser”
OPTICS LETTERS 1993 Vol. 18( 13):1080-1082

[94] H. A. Haus, K. Tamura, L. E. Nelson, and E. P. Ippen. “Stretched-Pulse
Additive Pulse Mode-Locking in Fiber Ring Lasers: Theory and Experiment”
IEEE JOURNAL OF QUANTUM ELECTRONICS. 1995 Vol. 31(3):591-598

[95] K. Tamura, H. A. Haus and E. P. Ippen.Electron.Lett. 1992 vol. 28:
2226-2227

[96]E. R. ThoenM. E. Grein, E. M. Koontz, E. P. Ippen, H. A. Haus, A. Koldziejski “S
tabilization of an actice harmonically mode—locked fiber laser using
two—photon absorption” . OPTICS LETTERS, 2000, Vol. 25(13):948-950
[97]C. X. Yu, H. A. Haus, and E.P. Ippen. “Gigahertz-repetition-rate mode—
locked fiber laser for continuum generation” . OPTICS LETTERS, 2000, Vol.
25(19) :1418-1420

[98]Kazi Sarwar Abedin,Masaharu Hyodo, and Noriaki Onodera. “Active
Stabilization of a higher-order mode—locked fiber laser operating at a
pulse-repetition rate of 154GHZ” .OPTICS LETTERS, 2001, Vol.26(3):
151-153

35



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

[99] M.E.Grein, L. A. Jiang, H. A. Haus, and E. P. Ippen. “Observation of
quantum— limited timing jitter in an actice harmonically mode - locked
fiber laser” .OPTICS LETTERS, 2002, Vol. 27 (11) :957 - 959

[100] K.S. Abedin, N. Onodera, and M. Hyodo. “Generation of a 64-GHZ, 33-ps
transform—limited pulse train form a fiber laser employing higher-order
frequency—modulated mode locking” .OPTICS LETTERS, 1999, Vol. 24(22):
1564-1566

[101] Kazi Sarwar Abedin, Masaharu Hyodo, and Noriaki Onodera. “Active
stabilization of a higher - order mode—locked fiber laser operating at
a pulse-repetition rate of 154 GHZ” . OPTICS LETTERS, 2001 Vol26(3) : 151
-153

[102] C.M.Depriest,T.Yilmaz, and P. J.Delfyett, Jr. “Ultralow noise and
supermode suppression in an actively mode—locked external-cavity
semiconductor diode ring laser” . OPTICS LETTERS , 2002 , Vol.27(9):
719 -721

[103] Andrey B. Matsko, Vladimir S. IIchenko, Anatoliy A Savchenkov, and Lute
Maleki. “Active mode locking with whispering—gallery modes” J. OPT.
Soc. AM. B, 2003, VOL. 20 (11) :2292-2296

[104] K.Tamura and M.Nakazawa. “Dispersion-tuned harmonically mode-
locked fiber ring laser for self-synchronization to an external clock” .
OPTICS LETTERS, 1996, VOL. 21 (24) : 1984-1986

[105] G.T.Harvey and L.F.Mollenauer. “Harmonically mode—locked fiber
ring laser with an internal Fabry—Perot stabilizer for soliton
transmission” . OPTICS LETTERS, 1993, Vol. 18(2) : 107-109

[106]A. Takada and H.Miyazawa, Electron. Lett. 1992 26:216-217

[107]Berton  E.Callicatt, John B. Schlager, KevinL. Silverman, Robert
K. Hickernell, Richare P.Mirin, Norman A.Sanford, Joseph S.Hayden, Sam
Conzone, and Rob Simpson. “Single-frequency and Mode-locked Er/Yb

Co—doped Waveguide Lasers” .2001 IEEE 576-577

36



ot .

B g @©

[108]].B. Schlage B.E.Callicoatt, R.P.Mirin and N. A. Sanford. “Passively
Mode-Locked Waveguide Laser With Low Residual Jitter” .IEEE PHOTONICS
TECHNOLOGY LETTERS, 2002, Vol. 14(9): 1351-1353

[109] John B. Schlager, Berton E. Callicoatt, Richard P. Mirin, and Norman
A. Sanford. “Passively mode-locked glass waveguide laser with 14-fs
timing jitter” .OPTICS LETTERS, 2003 ,Vol. 28(23) :2411-2413
[110]Carsten Schmidt-Langhorst and Hans—Georg Weber “Optical Sampling
System” Optical and Fiber Communications Reports, 2005 Rep.2:86-114.
[111]C. Schmidt, F. Futami, S. Watanabe, T. Yamamoto, C. Schubert, J.
Berger, M. Kroh, H.-]J.Ehrke, E. Dietrich, C. B " orner, R. Ludwig, and H. G.
Weber, “Complete optical sampling system with broad gap—free spectral
range for 160 Gbit/s and 320 Gbit/s and its application in a transmission
system, ” 1in Opt. Fiber Commun. Conf. Techn. Dig., Anaheim, USA, March
2002, pp. 528 - 530, paper ThUl

[112] C. Schubert, C. Schmidt, C. B orner, E. Dietrich, S. Ferber, R.
Ludwig, and H.G. Weber, “A  gain-transparent ultrafast-nonlinear
interferometer (GT-UNI) in a 160 Gb/s optical samplingsystem, ” in Techn.
Dig. of Optical Amplifiers and their Applications, OAA, 2002, paper OTuDb5
[113]C. Schmidt, C. Schubert, S. Watanabe, F. Futami, R. Ludwig, and H.G.
Weber, “320 Gb/s all-optical eye diagram sampling using gain—transparent
ultrafast nonlinear interferometer (GT-UNI), ” in Proc. 28th Eur. Conf.
on Opt. Comm. (ECOC’ 02), Copenhagen, Denmark, 2002, paper 2.1.3

[114] C. Schmidt, C. Schubert, C. B~ orner, C. M. Weinert, H. B " ulow,
E. Lach, and H. G. Weber, “Investigation of intra—channel four-wave mixing
at 160 Gb/s using an optical samplingsystem, ” in Proc. 29th Eur. Conf.
on Opt. Comm. (ECOC’ 03), Rimini, Italy, September 21-25 2003: 990 - 991
[115] H. Otha, S. Nogiwa, N. Oda, and H. Chiba, “Highly sensitive optical
sampling systemusing timing—jitter-reduced gain—-switched optical

pulse, ” Electron. Lett., 33 (25), 2142 - 2144, December 1997

37



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

[116] H. Ohta, S. Nogiwa, and H. Chiba, “Highly sensitive optical
sampling system with 100 GHz bandwidth, ” in Proc. 24th Europ. Conf. Opt.
Commun., Madrid (Spain), September 20-24 1998, pp. 503 - 504

[117] S. Nogiwa, H. Otha, K. Kawaguchi, and Y. Endo, “Improvement of
sensitivity in optical sampling system, ” Electron. Lett., 1999 35(11):
917 - 918

[118] H. Ohta, S. Nogiwa, Y. Kawaguchi, and Y. Endo, “Measurement of 200
Gbit/s optical eye diagram by optical sampling with gain—switched optical
pulse, ” Electron. Lett., 2000 36(8):737 - 739

[119]S. Nogiwa, Y. Kawaguchi, H. Ohta, and Y. Endo, “Highly sensitive
and time-resolving optical sampling system using thin PPLN crystal, ”
Electron. Lett., 2000 36(20):1727 - 1728

[120] A. Otani, T. Otsubo, and H.Watanabe, “A turn—key-ready optical

y

sampling oscilloscope by using electro—absorption modulators, ” in Proc.
25th Europ. Conf. Opt. Commun., 1999:374 - 375
[121] H. Takara, S. Kawanishi, and M. Saruwatari, “Optical signal eye
diagram measurement with subpicosecond resolution using optical
sampling, ” Electron. Lett., 1996 32(15):1399 - 1400
[122] H. Takara, S. Kawanishi, A. Yokoo, S. Tomaru, T. Kitoh, and M.
Saruwatari, “100 Gbit/s optical signal eye-diagram measurement with
optical sampling using organic nonlinear optical crystal,” Electron.
Lett., 1996 32(24): 2256 - 2258

[123] J. Li, J. Hansryd, P. Hedekvist, P. Andrekson, and S. Knudsen,
“300-Gb/s eyediagram measurement by optical sampling using fiber-based
parametric amplification, ” IEEE Photon. Technol. Lett., 2001 13(9):
987 - 989

[124] J. Li, M. Westlund, H. Sunnerud, B.-E. Olsson, M. Karlsson, and P.

Andrekson, “0.5 Tbit/s eye—diagram measurement by optical sampling using

XPM-induced wavelength shifting in highly nonlinear fiber,” 1in Proc.

38



ot .

B g @©

29th Eur. Conf. on Opt. Comm. (ECOC’ 03), Rimini (Italy), September 21-25
2003:136 - 137

[125] H. Ohta, N. Banjo, N. Yamada, S. Nogiwa, and Y. Yanagisawa,

“Measuring eye diagram of 320 Gbit/s optical signal by optical sampling
using passively mode locked fibre laser,” Electron. Lett., 2001 37(25):

1541 - 1542

[126] S. Nogiwa, N. Yamada, and H. Ohta, “Broad wavelength-bandwidth
optical sampling system using wavelength—tunable soliton pulses, ” in OSA
Trends in Optics and Photonics (TOPS) Vol. 55, Optical Fiber Commun. Conf.,
Technical Digest, Postconference Edition, Anaheim, CA (USA), March 17-22
2002: 533 - 534.

[127] N. Yamada, H. Ohta, and S. Nogiwa, “Jitter—free optical sampling
system using passively modelocked fibre laser,” Electron. Lett., 2002
38(18) : 1044 - 1045

[128] N. Yamada, S. Nogiwa, and H. Ohta, “Measuring eye diagram of 640
Gb/s OTDM signal with optical sampling system by using wavelength—tunable
soliton pulse, ” in Proc. 29th Eur. Conf. on Opt. Comm. (ECOC’ 03), Rimini
(Italy), September21-25 2003, paper Mo4.6.5

[129] A. Otani, T. Otsubo, and H. Watanabe, “A turn-key-ready optical

y

sampling oscilloscope by using electro—absorption modulators, ” in Proc.
25th Europ. Conf.Opt. Commun., 1999 paper P3.2:374 - 375

[130] S. Nogiwa, H. Otha, K. Kawaguchi, and Y. Endo, “Improvement of
sensitivity in optical sampling system,” Electron. Lett., 1999 vol.
35(11): 917 -918

[131] S. Nogiwa, Y. Kawaguchi, H. Ohta, and Y. Endo, “Highly sensitive
and timeresolving optical sampling system using thin PPLN crystal, ”
Electron. Lett., 2000 36(20):1727 - 1728

[132] M. Shirane, Y. Hashimoto, H. Yamada, and H. Yokoyama, “A compact

optical sampling measurement system using mode—locked laser—diode

39



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

modules, ” IEEEPhoton. Technol. Lett., 2000 12(11): 1537 - 1539

[133] M. Shirane, Y. Hashimoto, H. Kurita, H. Yamada, and H. Yokoyama,
“Optical sampling measurement with all-optical clock recovery using
mode—locked diode lasers”  in OSA Trends in Optics and Photonics (TOPS)
Vol. 54, Optical FiberCommun. Conf., Technical Digest, Postconference
Edition. Washington DC:Optical Society of America, 2001, p. MG2.

[134] I. Kang and K. Dreyer, “Sensitive 320 Gb/s eye diagram measurements
via optical sampling with semiconductor optical amplifier—ultrafast nonlinear
interferometer, ” Electron. Lett., 2003 39(14):1081 - 1082

[135] C. Schubert, C. Schmidt, C. B orner, E. Dietrich, S. Ferber, R.
Ludwig, and H. Weber, “A  gain-transparent ultrafast-nonlinear
interferometer (gt—uni) ina 160 gb/s optical sampling system, ” in Techn.
Dig. of Optical Amplifiers andtheir Applications, OAA, 2002, paper OTuD5
[136] C. Schmidt, C. Schubert, S. Watanabe, F. Futami, R. Ludwig, and H.
Weber, “320 gb/s all-optical eye diagram sampling using gain—transparent
ultrafast nonlinear interferometer (gt—uni), ” in Proc. 28th Eur. Conf.
on Opt. Comm. (ECOC’ 02), Copenhagen, Denmark, 2002, paper 2.1.3

[137] C. Schmidt, C. Schubert, C. B orner, C. Weinert, H. B “ulow, E.
Lach, and H. Weber, “Investigation of intra—channel four-wave mixing at
160 Gb/s using an optical sampling system, ” in Proc. 29th Eur. Conf. on
Opt. Comm. (ECOC” 03), Rimini, Italy, September 21-25 2003, pp. 990 - 991,
paper Th2.5. 2.

[138] T. Miyazaki and F. Kubota, “Simultaneous demultiplexing and clock
recovery for 160 Gb/s OTDM signal using a symmetric Mach-Zehnder switch
in electrooptic feedback loop, ” IEEE Photon. Technol. Lett., 2003 15(7):
1008 - 1010

[139] N. Yamada, S. Nogiwa, and H. Ohta, “640 Gb/s OTDM signal
measurement with high resolution optical sampling system using

wavelength—tunable soliton pulses, ” IEEE Photon. Technol. Lett., 2004 16

40



e

B g @©

(4) 11125 - 1127.

[140]S. Watanabe, R. Okabe, F. Futami, R. Hainberger, C. Schmidt-Langhorst,

C. Schubert, and H.G.Weber, “Novel fiber kerr—switch with parametric

gain: Demonstration of optical demultiplexing and sampling up to 640

Gb/s,” 1in Proc. 30th Eur. Conf. on Opt. Comm. (ECOC’ 04), Stockholm,

Sweden, 2004, postdeadline paper Th4.1.6

[141]C. Schmidt-Langhorst, C. Schubert, C. Boerner, V. Marembert, S.

Ferber, R. Ludwig, and H.G. Weber, “Optical sampling system including

clock recovery for 320 Gbit/s DPSK and OOK data signals, ” in Proc. 30th

Opt. Fiber Commun. Conf. (OFC 2005). Washington, DC: Optical Society of

America, March 2005, paper OWJ6

[142]Govind P.Agrawal, “Fiber-Optic Communication Systems” %f —=hR, ¥

RS IR, 2004: 112-113

[143]Govind P.Agrawal, “Fiber-Optic Communication Systems” %f —=hR, ¥

RS IR, 2004: 122-123

[144] [SE]IH K (Ivan P.Kaminow) , J7§i%%k (Tingye Li) “J64ilifs” #H—

i AbRTISH A2 AL 2006 4F A 45 492~493

[145] [SE]H K4 (Ivan P.Kaminow) , 7%k (Tingye Li) “Je4Hilifs” #H—

FiC AEBTHB LR 2 AR 2006 4F A #2500

[146] [E]H K4 (Ivan P.Kaminow) , J7§i%%k (Tingye Li) “J64ilifs” #H—

fiC AERTHRRLR A AL 2006 4F A 452 481

[147] K. Tamura, E. P. Ippen, H. A. Haus and L. E. Nelson “77—fs pulse generation

froma stretched—pulse mode—locked all-fiber ring laser” , Optics Letters,
1993, 18(13) : 1080-1082

[148]H. Tanaka, S. Takagi, M. Suzuki snd Matsushima, “Optcal short pulse

generation by double gate operation of tandem connected electroapsorption

modulators driven by sinusoidal voltages” ,Electron. Lett, 1993 29
(16): 1499-1451

[149]F. Devaux, “Tandem of modulators for high on/off pulse

41



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

generation” ,Electronics Letters, 1997 33 (16): 1491-1492

42



B METTORMO LA B T S SR

ETE HMmARMARMEBIESTESLEHR

PP ORI AR OGO B T HARBUN . AERGE . SRR IR W] Y 7 v
Y AF RGP 2R AR S R R R, PRI T M 25T R
Wotds Akt Bkoh SE BEULAE « Fhahamiil BL e B R 5 i o8 0 R 1 B
HEF ARG, BEJ5 73 0 NS5 EATSE T AN R 3 AR O B P M 1 LR
L5t b 98 BE DR AR < ANEAGUNT EEASRFSIM G S0 a3 B n] i
PARZ ARSI 3 AR 2 T OGS I AE 1 -

&2. 1 FeA R KR
2. 1.1 fkppr= A S A TS

R R 5 KB OGRS ARSI AR I 7 A2 R 11 5t 7%
ezl MR AGORST %, WibBIRah i, RIaHR2 SIRERSPIRE, W4
Pz — A I T I HRE N, ] UG T st B Ik S Ak 52 1 98 5 1)
ROkt WARER LRI R, wiRers B I R ket AN AT 28
SURIAAR, IR 5 DRSO T a6 5 45 1k, IR TR G 2T K . HARS LA
OE S BN LU RN POt s, HURENS RISl o 1P FLZ
U (AT R K, SR BENE R A ], A SO 2 RENE ARV 22 5 THI IR A MY
A IXHOE EIRHIE. T E RGN - SR EO R T B T ADE T BEI A
IAZACAH AR, s AN TR RO RS IO B R AT O o 2 3RAT P KR 52 4 J00
HURAS 5 KO AR IR, o 28 W S AR 55— 0 B L+ AR IR A
ikt A

1435 FF WG I IEA S T LU P 2. 1SRRI ARe ™ 4k SR
PR AT B TR I E &, SN HOB BRIk . fERTIRE B, e T3
AEH AN, TR RIS I8N o AEIXIYITR], i 75 B BRI TA] LT~ S 2 k1Y
m, FFERIHOCEIRBIE . BEI, BOGSREIRITA BT, R 7 B RS T,
I T OIS B KW, HOtS MBS SR BT, BRI R T
LARBELIK e bk 22800k, RN, 3014 15 SURN BN B IR B B R o 9K

43



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

I3 FL ALK A

BABRTEE

ERAERATE -\\

¥

Bl 2.1 3928 T 5% P IR Bt 53 FEATDG 1% ERI N 18] 1224k
BRI A R A N N e T N R R
AR PRI a8 R AR RS 2 F OGN ] LU R TR 5 R (2. 1) (2.2)
(2.3) FoR", SRR IRAER B IR AAE T, ek BRI Rk
PREARAL G R e NIRRT, SEJE TIRIE, DEEAR AN, e/l HIE,
VIR WR AR, v it BRI B T AR, o Rt AR, T BRI (7

W IR, RN S, T2 8o e aEotds, T
ANE P ZILT IR, AR S N1, g B ARSI 7, NaZWlaai

TURE

ds) _TONNg)SO s o/ 2.1
dt  1+exS(t) 7 '
N 1 _N@ TENO-Ng) (2.2)
dt eV oz (1+eS() '
dot) o dG .

a2 Mo =

W' Bk s B2 R A o, ATAREE (2. 1) A RIA T o RAE I 2. 1,
BUE AW I ik ETHYIE], T BT E LR, AR LT &R
N&Nyo AFEIZIYIA], AT LA (2. 1) U ER =300 B AR, e n] #4355 I
2R — TN i4b, FEiOtkr ETHIN, St T3 BRR AN, (201D s —
WMy BEwl By 1. MIFEXFEMLPL, 2.1) KT LERA

44



B METTORMO LA B T S SR

ds(t) IR Y 1
P LTGN,, . S(), 551 L —
" Max S > Jelke LTHI T 7, OGN,

BESIE], B RN TR CE e, A (2.1 AT LA 258 i,
11 ELN BT (R I T) 5 05 T o o I IR DCIIK S8 Ar H 7, M1 o) Z A ADAR
j‘i[g]’ )R”Jj‘j

o BRIk T

7 (2.4)

. (2.5)
1, 1
“In(=
Cla+ ()

A LGP B, R DA ] S5
MAZ A AT LG, A3 2 SRk, o200 KA 73 488 3 G AN 5 K3 7
JiNwr RIS GRG0 M AN P OG5 (KA 52 M s HRLAL 20

IR/, T HAE m SRS FLR R S B e aihis S s O TNk
Wy at, KM TR AR RSB, o BdE. W — A5t
R By Bl 18 2 0T OB A% 7 AL kst 1K) 58 AT & 1R T 1y 98 FLEATR R, W0kt
e IR R S0 DS, P BEAS B A Kbl o A SRR OGS 1 1A A 98 -
JeAR BT S HO A

e S NS AINE 7 /A WA

f :i. FZ—’:‘:’O)UZ (2.6)
szﬁgﬁkmﬁﬁﬁwﬁmﬁoﬁ&ﬁ@ﬁ—%w,ﬁ%%ﬁmmmﬁm%
T

Pout:%hv%In(%)SOW (2.7

AR R AT
Sy B v

(o 1 P (2.8)
hvIn(2)We,

45



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

7= n (2.9)

B 1.1
cm+tm$»

b nr %N f, BE G R PR K
Lo H K% G5RP,,
2 JRNERRIE BT A 7,
3. MR G E 7 -
BT f, X B S~ RS L, T A A B 5 IR R N o PR R sd
SEINOKEN IR I A Sy f,, i, EPL I 4 50 f N 2 £ (R, K
Pou AN REHB I 3 G HR AT, 10 HLAERE i KT B AR REP A SO 2 A,
XNFF R BAR B, o B o, LIGRANFIRIG RN Tk o FL,
YR T2ty A A et 2% 10 B R B (LR AR B I, RIRIO/ N AT K B £
W, JFH, o, SRAXEMBOCER, B f RREmEN. B2, #AR
b3 RTFMITE R KL, LN, W f 8 40%45 47, {HLI ek
/NG A R BB PR L S BE R I, i S PR o AR IR A 4 25
7%, AR, BRI AR R B PR A . JF & Bk g i A
RPN R B T, f iR S

A TAEA PO A A AR, a0 AR I B R A A R s e A
ABRAIG 27 A= BB, 38010 R0 5722 BRI 2-2 BT IR S5 v i 1 DR BB L 2™,
4P FAROB RS O R I R 2 A A R, e A YRR A M X
folo XX HE DL R AAAERE YT R K, Tl I H s B, 1pn & SR
TIFBRHLAC BRI, 4 T FAIRC, T S )t SR e ol /N A7 Y 2 A TR R 73+

2.1.2 I TR SIS

FEM R TR AAE R, P AR BRI EL S AT ORISR 1, AR SERR I
IO Hh BRI AE YR e far 330 AR AR BRI kb 2510 0 T BE IS 20 T OG0
P BRSSOk, AT R PR 5 SRR S, — R AR EA,

46



B METTORMO LA B T S SR

— PR AN RN
M R L
L
B PH: R
SRl — L
AR — SRR
48 ] 1 YC
Sy

B 2.2 P ABOCR BT ROL
F R FEEAGE R —Fioa A B IRE IS R R K6 18— /N oy B st o 2
FEN, AEFFIEA B FAEE NI Z, - 1B ()R8 2R Eh 1 H K. — B
RN O™ ™, SMERER ™, ARSI T
LA AR K T JE A BERSBAVC T o AMESFP 13 AT — R — AN S i
HOLIR, A RS PR BB B A SEILE NSO EIR S
H e %057 AR AMTE SO 3, n] R DG IBORER 10 19 R S
FEIN—AN RS, SR RSB S, ZVERR R A S
AT SEBLHOCE IR E AR MUES (AR, — BT R AT A 13
ANITT, AR NSRS e T R

dzg)_FG(N Ng)* (- xSE)S(H) - i2)+FﬂN/r +2fy [SO8; cos(aD
(2. 10)

aN® 1O _NO 1o ny-N,).0-25w).S(0) (2.11)

dt eV S

dot

ﬁf) ZITKN N+ fy /Sy /S; SIN(AL) (2.12)

SN ZUEL B A L ARy e -

9%§2_rG(N N,)e (- ngG»SG)—Sa)+FﬂN/r-+2f,Bﬂj&mcoﬂAa»+F(0

47



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

(2.13)

NG _1O _NO _re(nh-N,).a-=5@)50) +F, 1 (2.14)
dt eV S

O~ LGN = Ng)+ 1, 5, /5, Sin(A®) + F, () (2. 15)

F@Lﬁgﬂﬂﬁ@E (2. 16)
/ZS(t)y/N(t)F /2N(t
F.@t)= T AV X, (2.17)
_ 1 [syN@r
F, )= 30 At X (2.18)

A () AR TR EBOLRAIN 2, A (t=A 0t-0 (1), A o NPHEOLAN
AR 7, B L F, FoWIZ T, X, X, X mdBEpLA s, S (1), N(t)
3 I TR TRT R A A B 220 (1 1 RN 7 IR L

2 2.1 RPBA SR E X

fig |4 W g % W
v AP ARFR I\ 1B A %
T, BT A1 N i B T
T, ¥ A5 r 6 BRI A7
a L1 v A1 B EWEi e
e i TR FR AL e SRR i
G D@2k
&2. 2 HEIFFAHHNRIMIL LI

221 BEKYEEHERE

B8 2 DT OGO s bk 58 P S PR RS T (AR S IR OB MW E L T
IR I IREIN T AE ST HIEOR R . AESERd R, BATRENS J5 i 151
SHRCE BN T R W8S DU BOCE 1, AT 0 2 B e v SR 3k

48



B METTORMO LA B T S SR

KPR S 58 B PRI 5 AR L i B2 L A0 G B I OC &R o OGS Y
MRt e BRI 5~ LA il 58 S B0t Ay d ik o, ol BUE 2.4 20
2.6 NEH, =ASHBOK, 732k o8 OB
K ek — PRSI SR AR HOR T R4 2. 1~2.3, 2.2 sUH 1 T () A4l
i, R ROCAR R E Ib, J)— R M EIE S Insin(2 nFt), Im JZiRH)
R AE 5 IR, F 2.
I(t)=Ib+ Imsin(2 nFt) (2.19)
% 2.2 AP A EE

g %4 W o OMH
v HIX AL 7.5+ 10 "’
T, L= A R RS 0.5+107s
T, 6T AT 2.2+ 10"%s
a 2 1 1 5 DA 1 4

e B SN R B 3+10”

G T3 3 2.10675 + 107
N IR AL 2 1% S 9.9« 10"
No 75 WA 1.0« 10"
r J6 BRI 1 0.5

B EVZEPIES A 1.0+10"

e FERREER s 1.602 « 10C

FETCTENGATR AN T A i 7 A e Rt ok o IS O 2 P A A ) P IR PR %

R 2.3~2.8. R (2.8) f, =

1 2n I'n

(_

P )2 %n=3. 3, R=0. 3,

2" C m/m(ler

AI)E S =300 m, W=5um, d=0.05um, 7,72.2 <10 "%s, n=3%10"cm’. 4
P =bmWitf, £,=7GHz. DIt 2.2 FHHIZH, e A HIPSR 24K T 7GHz, 4
BEP= AR 25 TF O (A kb o B 2. 3~2. 8 FETCIEANSAETT, AR IR I
PR ko e R R SRR O R, B 2.3, 2.4, 2.5 4RI

49



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

100MHz, 2. 5GHz F1 5GHZ 11 5% I Hil45 5 A I T BE 7 AR 6 Jhic v O B P A0 A0 3 ol R
MK FR, 2.6, 2.7, 2.8 40 HIE 100MHz, 2. 5GHz A 5GHz 1E 5% M5 S 1EH R,
DA B H AL AT U 21 P A 8 e e BRI &5 SR SR A R E AR T 4
PR, TR A5, AN [ (i PR A 6 kv B o 2 P 8 ol Lt o
AR IRANIR] o FEAH ] (1 s B PR AT T, LR PR A4 R o Ak o 75 118 8 o) PR L A
82 v R VR AR A A T 1 R 1 P A1, T RO RS 1) A7 70 A2 1
)M RV AR R BT TR0 o 11 R TR0 4 I 5 B v U o P A b 7 = A e
JEWK T AE IR T, B 2,31 2,40 2.5 FFaT LA S B0 AN 7] (0 R 4%
PEN AR O P A0 AN ] (R R 1R P o 7R AR 5] R TR A% 2 A 1, B
SEE 1B O 1 S P N T 74 N 3 P 7 W s I e WAL AL = e
ST LA R 1 r AUt n RO R e ik rh . B 2034 2,44 2.5 IR A RoR T
ANTER R R P A R ke R R i AR L, B 2.3, 2040 2.5, VT
PR TR ] A TR AR AT RO, AR AL TR B0 25 S 3RAT 1 A B
B TEAH F IR, AR RS AT, BRI e, A
(e lkh g B, TEARA R AR Ak, DRI b i 2 At R0 U o A — N I EE A UL
(A AT P2 B (R i 20 o R R AR R R, e e R AR
ST (A R AN IR R, X B A P AN R R B 2.6, 2.7,
2. 8 S HIBIA 433 2k 100M. 2. 561 5GHz i H I ikt ok 56 43 31 24 183ps+ 13. 8ps
8. 1pse IESEALMELLE, M & T TCH2 ¥ ESL I HIE SN, HEes3)iE
SLIRGAR T, ARANEY 3 55 I O RA L™ A (1 T ik e, SR 1D ) S48 23 A
g3

T AHE] 10GHz 3 35 FF IS RON 7= A (R A ke, AR HE ARG 20 (2.8)

=l (BT oy N R 0.8, BN,

2z C oy, |n(;)w 7
T A O B A I, £F Tb=31mA, Im=1A I, 753 T fH&ALH 10GHz
KRS, B 2. 9~2. 11 433137~ 10GHz (B A ekt 241, 10GHz (¥R %
JKkIT P ZUFT 10GHz 8 Bk 7= AR I A 1 o, A& 2.9 mT LU 453
TRGE MR KRS, BkFE/N T 10ps.

50



B METTORMO LA B T S SR

w10
3

Frequency=100MHz

N
» @
-J

A)
N
o

m
=N NN
OCON I~
A

—

Photon Densities

Moduled Current (
>

N
N
L

o
(-

0 2 46 8 1012 14 16 O
Bias Current (mA)

Kl 2.3 (B HL IS A H AR OCR (100MHz) Kl 2.6 ke (100MHz)

=]

Frequency=2.5(
80+
70-
60-
50+
40-
30+
20-
10

Modulated Current (mA)
photon denatias

024 6 8101214 16 18 20
Bias Current (mA)

B 2. 4 f B AL MBI IR OC R (2. 5GHz)

Frequency=
__ 801
£ 70 .
S 60+ =
9 =
5 50 =
2 5
3 0 =
S 30 =
3 201
2 T T T T T T T T T T T : :
0 2 46 8101214161820 ; '
. a 10 20 a0
Bias Current (mA) tips)
2.5 fhi B FLUR S BRI S R (5GHZ) K2.8 bkt (5GHz)

51



AR B

N

B BK PO EIEI 9T e 5 '

i

HE,

x 10

Jt 7 # % Ji photon densities

08 09

0.7

0.6

02 03 04

0.1

x10°

ikt

A

2.9 10GHz [1;&%

Ji photon densities

KT B

x 107

i ik

10GHz [r)48%

K 2. 10

BT % J¥ carrier densities

ik A I AR T AR AR U

S7A

10GHz #B%

K 2. 11

N
l

e R E B I R

222 MK

Hef 22, LB R IL A

7N

I T 50 S H k-5 Y ik v 2 eI 18] 22 (4

52



B METTORMO LA B T S SR

o=\+—- (2.20)

fﬁi R P AR N T T, o 5 1 UGN T, O T kN

PLXT AR V520, N=1000, 24 T 30HIE S FATRHAISNE N LIz e frr 4y fe
WA 2.10~2.12, [RIRG THENE LSS, 2 e RIS+, s 5
FRRLI RSN T W2 e AT, WO AR R (2. 13~2. 18D

(1) FEAFIFOG ' I 40 G AR I [R] 1) 6 3R

Pt (IR I ARV E N A 5 5 AR R (R I (] 22, 783845 Hh B 1 3R I 1]
B, RGN SEN LT, R, BT ANEEE R T B . IR AR
Tl (R E F IS B A IR I (R )OSR, SR A AR N 2. 5GHz, 1
WAy 45mA, PEHAUA 11 mA SAE R AR SRR 2. 10~2. 12 132 HdE .

Freguency=25GHz

/
7

A

Frequency=2.5G
15 Modulated current=45m A
76 Bia=z current=11m A

ih
1

=
1

(=]
=

/

-

Turre on Drelay Time (ps)
o =
h h

e0d—— — . 0 0z 4 6 £ 1012 14 16 18 20

-t0 50 -0 -30 -20 -1IIZI Ei .
injection power (pdm ) Eias Current {maA)

& 2. 12 B AERIN ) SEE TR SR 2. 13 B AEIR I ) 5 LA R

ML B AR TRAT ] o B N B % e — 60 dBm 1 21 — 5dBmiR, $3:38 4iE 3R B[]
FAR/INKY) 16psids (B 2.12), X i THAF PRI IN, 523 5 5
55, BERT T PSRRI 2, X7 R SCER ™ O AR RS . M AT R
AR SO RN R S P A R A e, R BB (i T LR R N, e 4 IR
ISR AW I (& 2. 13) 0 X3 B OGS i CAEAEAR I & 451
(2) NPT 5 ik v HH 3 R

B NFETOCTR I (& 2. 14), #3801, 6ps W/NE] 0. 5ps AT,
] 2. 16 A BTEAFI TG KR %, 302928 6ps Ziti, 18] 2. 156 AT
TNy —22dBm W ETE, FEEhZ004 0. 6ps, X U HAVE AN Fh 1 et il

53



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

1.6 T T — T T 60
—w==timing jitter 5 55
1.4 —o— pulse width [
T 50
[%2)
o L 45 ©
& 1.2 s
@ , L40 ©
i 1.04 / 35 §
30 5
E 0.8 \ 25 T
= / 2
0.6 20
15

55 -50 -45 -40 -35 -30 -25 -20 -15 -10
Seed Injectioin power(dBm)

B 2. T4 AT 7O D fa H bk 96 FE AN 80 R 9% R

x 10" w107

photon densities
photan densities
ba

] a0 100 150 200 0 a0 100 150
tips) t(ps)

2. 15 P EE N e ik of Ll i e 2. 16 NI Bk s s B0
AT R . AHREEAR TR BI RIS A Z S, K 2, 14 ] LUE
IEANDRIE ISR, PRGN, g, SR REA e
BEEIPERE RS o [ E MyE N TR N E] —35dBm,  Bkph AR E, W DUR IR E
P 2. 15 Ik TEE KT 2,16 (1, SCRRI37TTHRUiAM 7 OERITEAN, FRIRT
Woltds n R SEOLRI I 23 0 5, DT RK 98 S R 58 o DML BRATTEE LR 25 RE Bk vE A1 9} 3
RISCER, R B R A R E AN o, Ay bk b B e DL BRATT AT &4 2R
TRW) £ SR 38, 390 H frk a5 A

(3) i B PR ik s 3l R 2K &R

FAT THE BB AL A L AT bk 5 6 i 15 P 00 LG U A P U 2,
R R GG S TR PN NP L O e 2 KR S E SRS N G R A2 X TR SR v
BT IR PE IR W LE VR T L AR i IR St IR o B 20 17 2RI 0 2. 5GHz
PRI S4mA I, 53 L P I PSR 98 B o AL 2. 17 v BRAT A BILAE I 58
I/NAL, P A RIR I INBE G SR o IXFFEILZSCHR (34148 92496 AL 73X
NG, (HEA VB H . ATREJR RS IR T8 s A Ak, R It it 1 iR AR A e

54



B METTORMO LA B T S SR

KAk, ST ERBATE M
2.2.3 B RBARBAIAEFEMAR

H 3 23 P OGO a7 R K i AT AR K AW, D T SE A R A 1 23 T
RWOCE: AT W EEWE IR AR PE, DU AR S PSR b S 4 1) B 48 2 5%

WOt . W T SCHOLR RS IR OV, W LU R I 0 R IA R

5ve=42ny1§%gl (2.21)

' " |—+=Pulsewidth
1 40 =—o=Timing Jitter|

7

8 10 12 14 16
Bias current (mA)

(sd)sepir Buiwiy

Pulsewidth(
(o))
o

V] 2. 17 i LU b S R S 1
R4 2. 10~2. 12 fif A RARR AR BB FRair A 2. 21 2, A
AR . 1 2. 18 1 2. 20 43 HISEAE 100MHz A1 10GHz 1F 3% 45 S RHI T~ , &l
(IR A 2, I T DUE e, ik b 3 R I Ze WAk, L2 Sk,
FRATT AT AR R AR g AT v S SRl 1 4 ok ol it 82 1 H 1)
TR P 4 A 5 T AN A 4, K20 19 R 2. 21 AR Al R K .
A NBBCE AR TR A, B RBEHUE S FE AR 76, BT AR
R LA T, B AR, PRSI R AR e kb B S oG R, o
TUT WK RIS WACRR £ fHHBL R 458
(DAETLR 7N ARG T, SRR BRIk, W'
HLL 5 VA T P — A SR R DR A

(2) NPT, i B R/, 0 A 3R I R ;

(3) MM NIy AR Bk, S — it DGk R v, I T
SRR

55



BRI

N

B BK PO EIEI 9T e 5 '

i

HE,

i

B, .
AL

K

5
(5) 4 23 TP RO CAS o Ikt b3 A B 2 (e PE Wk o, HL

AT

WA R K

i
Y

(4) I & HL AL AR

Y

# i phase

200 — —

249 aseyd

400 — —

-500

K 2. 18 100MHz 38 55 FF S0t % AR AR 4L

T B % photon densities

A
4

TRt & 10 L ik o B

i

Kl 2.19 100MHz ¥

4 4% phase

ZH9 8seyd

TFRBOCA MR AZ L

3k

K 2.20 10GHz #

56



B METTORMO LA B T S SR

Kl 2. 21 10GHz 34 235 FF OG0 5Tk i B
&2.3 R RHAFZARBRFBITIRHAR

2.3.1 100MHz (i} shit8 53 Bk iR B9 it

BT
DB

HHLIE

BIASTEEE § i
© F>T1HH

EE:3%

wl — L
S 5 st
FPE &
BOLR

K 2. 22 100MHz AN A 78 T OSHOG d 5256 e B K

&l 2. 22 J& ARG 75 T RO A BT A S g R E 1, H R Bk — AN
KA, RS PIEK. Bk OGS . AT DD Re R I AMETE
ANBUE T, & BRI 285 (1) DFB WOLAs . M7 S8 T 3
KRR AILL S EI N KD BE . A 7327 Rkl 7EmfE S 5] 17— M4
MR A, A4 100MHz [ 1E 5215 5 A2 Bk 58 K4 200 S RPIRTHLTK A 1%
SEEG (VRN T SR AE BRI > PR A
(1) B FTIRIE H SER R

57



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

> » o.0s
3 0.020 2
E o] o.04
]
& 0,016 3
g S 003
b=

0.010 002

0.005 ] 0.0
0.000 0.00
1530 1535 1540 1545 1550 1555 1560 1566 1820 1530 1540 1550 1860 1570
25nmidiv anmddiv
K 2. 23FP SO A far G K] 2. 24 ABVE B 25 TSSO s e i I

& 2. 23 J& FP HOLAAE U E b Ry 102 PGS, 1 2. 24 JeAEAE
FEN RG0S (98 2 T OGO A (K0 o D TIERIRBLa/E, BATESE T
— N T8 50KHz [¥] DFB WRHOG ST EABIHOG A A, HIRAM AR AR K
"

0.5mwldiv

LA D a2 N WA o@m
P B B B B B 1

A

1530 1535 1540 1545 1550 1555 1560 15GS
2.Snmrdiv

€] 2. 25 (a) TEN G KAE L 48 28 TF 06 B il

K1 2. 24, 2. 25 73l BE 7 TV N A A O B A0 HL A o7 85 I 3 2 T OGO A%
i P BB %, LI LK T 15dB.
(2) FHEHMHIA K 55 DAL H) SR

LRI 23 TF WO A Tk iR 34 5 ik 58 (R A AR BLOGHR, 7R 3R 4y
ATCEMARC I, € REE A, AR, Brahiiiiker, [
ISPk o e i B o M NTHRERL 10dBm I, #18) COICEEFRG, (HAk e 04
AR E T, PUE NG SR AT A R

M 2. 26 1] LURIE 2 10 F AT AMBE NRUCANB N B3 1 X3, oA
BB K22 2. 5ps, Bk 5E 25ps, A G800 500fs, Bk3ih 28ps. K
2.27 RAEAFNENINZR T, B Fkh 585 1A . [ 2. 28 JE Ak JE 18

58



B METTORMO LA B T S SR

H1 70GHz FELHURE 7R s DA 1 o

S
-
Q
b 15 1540 50 60 70
m- m/div
W FOR—
1520 1530 1540 1550 1560 1570

5nm/div

K 2. 25 (b) TENBAAEAN [RVAL E N1 2t T IR i 6k

K 2.26 (a) BOHHMEENSE ST HOCAS f KR AR ]
(b) AT AMEAE NI 2 JF IO A i L I (A AR P

z 2
= 2 28 g
= £
b -9
g =4
= =
g n
o a

=

_______,_._u
------- 26

The power of injection light{0.025mW/div)

B 2. 27 AN N DI i b os AL Sl (K52 i

59



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

=

g 007]

£ 0.06

(1)
0.05
0.044
0.03]
0.024
0.01
0.00

.1Dpsh'1iv
K 2. 28 $8 25 TT OO A it BBk b e

2.3.2 25GHz, 5GHz, 10GHz =& &5 bk B gt

RF Sampling
Generartor Oscilloscope

Splitter []

Circulator Opt%0§1 Tunable
Amplifier  filter
Coupler (50: 50)
= PD
Outpu

—_— L ]

Tunable aftenuator
Bl 2. 29 v 2 T GO A S K]
& 2. 29 FEFATBCT K TR Ty BB A5 D6, B IIHE R
i BKTEZE . RN FUEVESS . TCFAMIEAROGE .
AT H—A> 0. 3nm AT IRSEP AT SEIL, OS] LUEBHDL

KA. #1130

ZEIOR st n]

P MO, e ERAT AN —R—BOCK BROLS ki E S, —2

B0 A KSR EAR TG, SRR AR s .
(1) B REREANH
A3 25 T 9% FP 2 SARMO6 28 77 4R 1 2 G ik ok, ek —A

Ja, A 0. 3nm FRTDCUER AR, JEBJE 1S 5 E Y,

TCRR IR RS 5, 53—t tOGTBOR #87 2E K 8 A S g 7

FEIBORBRTBOR
— K H
(WK 2.30),

JEBJE IS S 2eid 4> 50:50 HOLLr o ds, — BRI vt e, il

60



B METTORMO LA B T S SR

AR s PV E ST O e R, Bl A ELE R
(2) /NBKF R0 ST

AP RGAERREAS 5, AMEIESCHBORER A W T, R ke
fE S BEE T, T ERERRER R BEA RO & I A K EOR I UL RS, DI AE AN ]
FEPRFAE N, AEPI KR TR BE AT AN, PR AR/ ik b i 0K

0.0005mw.idiv
0.005 —

0,004+ - N
0.0034
poozd o) N

ooond o oo

1300 1400 1500 1600 1700
S0nmidiv

K 2. 30 JGTBORAR I B A RS e i i 2k

Xt A TETE G 56 GTBOR AR IR e 75 A5 5 R AR, 1T Bk ih 5 52 A 3 1
5T, OGS EERMRE RN T, WL AP ki i (] [RIR% Y, 3%
FEAAE A B T T, A 2 0 I IRDR LI B2 350 20 B 7 » FE kb (5 5 i N
AR AR g Bkt I 2. 31 (a) F (b))o FRAT TR = R 702 vl A R0 B /N
Jikads 1. BEARMOGAS R B B, LAl P9 TR 2800 7 ik FE AN BcRR: 2. i iy
WA, BRAREASGIIThER 3. R R BRI bn— i iR g, T
AMEKE 5 A IS KBRS FIUCEC . 1B 2. 31 Ffl (d) Ce) (f) 2k 1 Al 2 454
AR, O DLSEaiHBR/NKer . 71k 3 EANENFT AL A7 5,
i HE DRI

0.014
2 -
= 0.020 S0 z
S 2 :
E oots —0.010 z
o 0.008 o
s 0.006
0.005 0.004
0.002 r .
o P S0psidiv
250psidiv 100ps/div
(a) (b) (C)
- o018
E = 018 ':E:
£ T 014 3
& 2 012 E
11 ['RT] a
[-]
0.10 ] oae
0.0
0.05 0.04
o.o2
0.00 4§ o.oo
v v v . v v v 002 . . - - - - T T T T T .
200ps/div 100psidiv sOparciv

61



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

K 2.31(a) (b) (c) AR 1GHz 2. 5GHz 5GHz A% i H i B
(d) (e) (£) 732 A5 1GHz 2. 5GHz 5GHz JOL s i BB
(3) HBhIHEI BT R
APOCR RGEAME T LIRS, & wT DA kb, A i 58 B AEAME N
NIRRT, A2 R D AT R A RS K P O B AR S WA KD S, A F
kb R 4g i H . I 2,32 tra] DI Wit A, 3% ERmibikE, #Haha e
O, s DA Bragn, Rk v e B R .

[0ps/div 10ps/div

(a) (b)
2.32 (a) WFFF R4 T L
(b) T2 - 5 51 o B th ko L I
(4) P IR LR

2.5dBm/div

1510 1520 1530 1540 1550 1560 1570
Snmidiv

B 2. 33 POGEAEAN [F)ALE A e
FEARBOCE ARG, Z ROt s OB K S0t — P

62



B METTORMO LA B T S SR

OB BT U A ROE b B 2. 33 BRI EOG BEE AN A B
IS, A TUR I AN B 6%, 15 PE2Y 0. 29nm , RIIEYEE 1530~
1563nm.

(5)  10GHz ik Fe31 i 7™ A2

] 2. 29 Th O AR IR R I S5 4w , 3 R T 95 A L0GHz 1R RO 3
[ I S A Y FRLTBOR B« D23 2 A 2 i) o, AT 4331 106G (kb 22l . 1] 2. 34
it 10GHz kb i T B R ]

&[] ||l [ ] e [ =] 'wlmﬂi—a‘ﬂ _|J
[Pute =][amcirude =] nan] oo ma e s ] | | 3 |

..........

10ps/div

fe e g3 8 e | o S e ) s
(a) (b)

Kl 2. 34 10GHz ik B (a) FIHRE (b)

2.3.3 JEFIA IR FF KB SR R R 5T

ARHI B FABOCE B AR ABUN . PRRER S E — 2 aH IR
RIS BATTRAIART 1) FP 2 SARBOGE A 9 38 58T SO 8 IR L E T
WFSE T 6 A IS PEAI RIS ASe I o &1 2. 35 JEsKiR e E I8 o 20d 7 AN/
AR, AERE— N IRIR — O B BT K sE A O G, SR LK 2. 36

(a) (b

Sample oscillograph

urrent
s0ource

olarization
ontroller

CW
Tunable
Source

63



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

K] 2. 35 SEEAE BN R

24 . ;
T - L 21546.85
22 ] —#*—Risetime 32 i
—o=—Pulse width | (30 1546.80 1 /
) -]
= fs 28 © G1546.75 { /,
@ ) n
a 16 26 1546.70 | ~
@ . (54 & 1546.65 |
' F 1546.60
il 1
o 121 0/ e [0 & 1546.55 |
o -
& "7 e (19 € 1846501 -
: B _*____F..-—t ]
T T T r T r . . 16 1546.45 , , I I I I I
0 2 4 & 8 o 1 2 3 4 & &
1 hourfdiv 1 hourdiv
(a) (b

Kl2.36 (a) JEMIVHOGES TR E M
(b)) ARHIA O s AR 1 X
NG, AREE ERVS RS0 B 7 TR A A 47 T 386 25 TF OGO A% 00726 LAk
BRI K nT P S B S, B SE R T LUK JLAN 7 1 «
Lo ERR EVEANEGT T 39 28 OGO a ™ AR ik N LER, - A AN S 800
ks SRS, DA SEEG AT R T IR SEI B SR
2 TR AT ECH T AMNE TR T O6 B 7 T OO s kb LS
I
3. ESZH By HISEEL T 100MHz. 1GHz. 2. 5GHz. 5GHz A1 10GHz Jik i it ;
4, S BARFSCT 2. 5GHz 5GHz AMENAKEIMH], ST R 2ps B
500fs;
5y KT —FPRI HSGIBOR AR 1) ASE W 75 15 24 A5 Bl 1 1R 388 23 TR OG0 b 2%
R4t SEILT 5GHz, itk 19ps ARk, K AT SEIL 1530~ 15650m
AP, HE T E B
6 75 SEE EAIEST T AR TV 1Y 2 FF OGO A R AR e TR AR e 1k

S 3R

[1] M. SULEYMAN DEMOKAN AND ARTF NACAROGLU. “An Analysis of Gain—Switched

Semiconductor Lasers Generating Pulse—Code—-Modulated Light with a High

64



B METTORMO LA B T S SR

Bit Rate” . IEEE JOURNAL OF QUANTUM ELECTRONICS. 1984.Vol.20(9):
1016-1022

[2]Patricia M. Downey, John E.Bowers, Rodney S. Tucker, and Edward Agyekum.
“Picosecond Dynamics of a Gain—Switched InGaAsP Laser” . IEEE Journal
of Quantum Electronics, 1987, Vol. 23(6): 1039-1047

[3] Marek Osinski and M. J. Adams. “Picosecond Pulse Analysis of
Gain-Switched 1.55,urn InGaAsP Lasers” . 1IEEE Journal of Quantum
Electronics. 1985.Vol. 21(12):1929-1936

[4] Shinji Tsuji, Makoto Okai, Hiroyuki Nakano, Naoki Chinone, and
Michael M. Choy “Dynamic Mode Stability in Gain—Switched Quarter Wave
Shifted Distributed Feedback Lasers” . IEEE Journal of Quantum
Electronics 1989 Vol. 25(6) :1333-1339

[Blms ik LRRLH], “HEmidedett” Rkt 25—/ 20024 43~44.
[6] Andreas G. Weber, Wu Ronghan, E. Holger Bottcher, Martin Schell, and
Dieter Bimberg. “Measurement and Simulation of the Turn—On Delay Time
Jitter in Gain—Switched Semiconductor Lasers” . IEEE Journal of Quantum
Electronics., 1992, Vol.28(2), 441-446

[7] L. G. Melcer, J. R. Karin, R. Nagarajan, and J. E. Bowers. “Picosecond
Dynamics of Optical Gain Vertical Cavity Surface Emitting Switching in
Lasers” . IEEE Journal of Quantum Electronics., 1991, Vol.27(6) ;1417 1425
[8]Laurent Chusseau “Propagation of single-mode 1.5um gain-switched
semiconductor laser pulses in normally dispersive fibers. IEEE Journal
of Quantum Electronics. 1994 Vol 30(11):2711-2720

[O)Fsiw AR LH ], “Emdeds " Biasmihict, 55—hX 2002 £F: 88-89
[10]FEART7. WhiE. 1RE  “ BIEANNEG 73 TT 5% 70 A S B0 G & I )3 Y
HUEBHL”  )FE4R-2000v01. 49 (3) :475-479

[11] L. P. Barry, Member, IEEE, B. C. Thomsen, J. M. Dudley, and J. D. Harvey.
“Characterization of 1.55— m Pulses from a Self-Seeded Gain—Switched

Fabry - Perot Laser Diode Using Frequency—Resolved Optical Gating” . IEEE

65



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

Photonics Technology Letters. 1998, Vol.10(7) :935-937

[12]Shenping LI, K.S.Chiang and W.A.Gambling, “Wavelength tuning in
self-seeded gainswitched Fabry—perot laset diode with Moire grating”
Electronics Lettets , 1999, Vol. 35(25) :2208-2210

[13] J.W. Chenand D.N. Wang. “Self-seeded, gain-switched optical short
pulse generation with high sidemode suppression ratio and extended
wavelength—tuning range” . Electronics Letters. 2003, Vol. 39(8) :6797 681
[14]Y. J.Chai, K. A. Williams, R.V.Penty,L.H. White “Simultaneous pulse
compression and jitter reduction at 10GHz using novel self-seeding gain—
switched DFB laser incorporating a DILM” 1999 OPTICAL Society of America
(151 FART7 . WhiE. 1RE  “ BIEANINEG 73 TT 9% 70 A S B0 & I )3 Y
HUHBHL”  PFLAR 2000 vol. 49 (3) :475-479

[16] L. P.Barry, J.Debeau and R. Boittin Electron. Lett. 1994 vol. 30( 25):
2143-2144

[17] Yasuhiro Matsui, Satoko Kutsuzawa, Shin Arahira, Yoh Ogawa, and Akira
Suzuki. “Bifurcation in 20-GHz Gain—Switched 1.55— m MQW Lasers and Its
Control by CW Injection Seeding” . IEEE JOURNAL OF QUANTUM LECTRONICS,
1998, Vol. 34(7):1213-1223

[18] Dong—Sun Seo, Hai—Feng Liu, DugY. Kim, and David D. Sampson. “Injection
power and wavelength dependence of an external-seeded gain—switched
Fabry - Perot laser” 1995 Appl. Phys. Lett. 67 (11):1503-1505

[19] L.P.Barry, Member, IEEE, P.Anandarajah, Student Member, IEEE, and
A. Kaszubowska, Student Member, IEEE. “Optical Pulse Generation at
Frequencies up to 20 GHz Using External-Injection Seeding of a
Gain-Switched Commercial Fabry - Pérot Laser” IEEE PHOTONICS TECHNOLOGY
LETTERS, 2001, Vol. 13(9) :1014-1016

[20] M. Zhang, D. N. Wang, H. Li, W. Jin, and M. S. Demokan. “ Tunable
Dual-Wavelength Picosecond Pulse Generation by the Use of Two
Fabry - Pérot Laser Diodes in an External Injection Seeding Scheme” IEEE

PHOTONICS TECHNOLOGY LETTERS, 2002, Vol.14 (1) :92-94

66



B METTORMO LA B T S SR

[21] D. N. Wang and Xiaohui Fang. “Generation of Electrically Wavelength-
Tunable Optical Short Pulses Using a Fabry - Pérot Laser Diode in an
External-Injection Seeding Scheme With Improved Sidemode Suppression
Ratio” . IEEE Photonics Technology Letters, 2003, Vol.15(1) :23-125
[22] Xiaohui Fang and D. N. Wang, “Mutual Pulse Injection Seeding by the
Use of Two Fabry - Pérot Laser Diodes to Produce Wavelength—Tunable
Optical Short Pulses” , IEEE Photonics Technology Letters, 2003,
Vol. 15(6) :855-857

[23] Yasuhiro Matsui, Satoko Kutsuzawa, Shin Arahira, and Yoh Ogawa.
“Generation of Wavelength Tunable Gain-Switched Pulses From FP MQW
Lasers with External Injection Seeding” IEEE Photonics Technology
Letters. 1997. Vol. 9(8) : 1087-1089

[24] Peng—Chun Peng, Wei—Ren Peng, Jia-He Lin, Wen-Piao Lin and Sien Chi
IEEE Photon. Technol. Lett. 2004 16(11)

[25] E=A “HERTT R PARBOG A RSN GEN NIk Bh s g it sy Ayt
¥4 2003 vol.52(9) :2190-2193

[26]F. Mogensen , LL. Olesen and G. Jacobse “Locking condition and stability
properties for a semiconductor laser with external light injection” IEEE
J. Quantum Electron 1995 vol.QF-21 :784-793

[27] @M e LR LH T, “EEEDsdett” Bl liat, % 20024F: 47
[28] M.W.K. Mak, H.K. Tsang and H.F. Liu. “Wavelength—tunable 40GHz
pulse—train generation using 10GHz gain—switched Fabry-Perot laser and
Semiconductor optical Amplifier” .LECTRONICS LETTERS, 2000, Vol36(18) :
1580-1581

[29] Masahiko Jinno. “Correlated and Uncorrelated Timing Jitter in
Gain-Switched Laser Diodes” . IEEE Photonics Technology Letters, 1993,
Vol.5(10) : 1140-1143

[30] A.]J.Taylor, J.M. Wiesenfeld, G. Eisenstein, and R.S. Tucker, “Timing

jitter in modl-locked and gain—switched InGaAsP injection lasers ”,

67



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

Appl. Phys. lett. 1986, Vol. 49 (22) :681-683

[31]E.Sano and M. Shinagawa “Theoretical analysls of timing jitter in
gain-switched semiconductor laser” Appl.phy.lett. 198955(7) :522-524
[32]A. J. Taylor, J. M. Wiesenfeld, G. Eisenstein, and R.S. Tucker “Timing
jitter in mode—locked and gain—switched InGaAsP injection lasers ”
Appl.Phys. Lett. 1986 vol.49(9) :681-683

[33]P. Gunning, J. K. Lucek, D. G. Moodie, K. Smith “Gainswitched DFB laser
diode pulse source using continuous wave light injection for jitter
suppression and an electroabsorption modulator for Pedestal suppression”
ELECTONICS LETTERS 1996vol. 32(11) :1010-1011

[34]Dong—Sun Seo.Dug Y.Kim and Hai fang “Timing jitter reduction of
gain—-switched DFB laser by external injection-seeding” ELECTRONICS
LETTERS 4th January 1996 vol. 32(1) :44-45

[35]Masahiko Jinno “Corrlated and Uncorrlated Timing Jitter in Gain—
switched laser Diodes” IEEE Photonics Technology Letters, 1993 VOL.
5(10) :1140-1143

[36]A. J. Taylor, J. Mwiesenfeld, G. Eisenstein and R. S. Tucker “Timing
Jitter in mode—locked and gain—switched InGaAsP injection Lasers” Appl.
Phys. Lett. 1986 vol.49(12) :682-683

[37]Claudio R.Mirasso, Pere Colet, and Maxi San Miguel “Pulse Statistics
in single—mode semiconductor lasers modulated at gigahertz rates” OPTICS
LETTERS 1991 VOL. 16(22) :1753-1755

[38IMELEN, FKML, Zesas « 8 73 TP oc -k Aot A TR Hh EEOE,
2003 Vol.30(1):12-16

(39180 1 2Rz ] w3 “5GHZGAT” L5~k 1997 VOL. 29
(8) :78-81

68



B R AIROR RO RS S T

E=E AT RIRKGEHISFHLRMEBIE S5 REHR

HEDCIEE KRG, ZREEERAA SRE L. AR BN ik
WK /NS5 o T FRUIROC IR 2 (EAM) FR e kst LA R AR, DRI 2,
Sy, Gt Bk )N, Bkl s BEAE e Y B RIS, A R RO
FRFIEAMAT SEILIA P B2 i, AR/, SR R AR, Rl A F R kst L At
BUARM T ™ o ARSI, DFBINEAMAL A J7 2P i ksl S £ P dmipl 780
UEFIFB R (sech2) 53— fUAE A e REIE A5 FOTDMG A T4
8

SEARRI: EESOEENT, EAWE R R EEAMIN R [ (i F (R AR Lt ma v, A
FHEAMTE B30 1) i A0 JE ST LA S Rl SR RME R, ml = ARk, Stk
PR SR S T A A R . 38 Sk SR A T I P AR R INEAM) £ HL 2R B
RN SERS,  REUS A AR REAMAATI,  RT LU AR 10~50GHzZ3H 5 1) A ik o
Y. HWE, SETEAMPE KRR S I IR+ 406bit/s™, 80Gbit/s”,
160Gbit/s" " Fl 320Gbit/ s RGE, Bl MARIERI, 16 F 5% 40GHZ T,
JEF B —EAMAT BLP 25 /N Aps B30 AR 4 B 1) el e ek ™ o 24 T 9IS
ek b T, AT LUK EAMZEIE (Tandem Eelectroabsorption Modulators) ™ '*j
KAGH ot Foeds 5 DUE S UGB EAM, A LS/ HOB Ik 56 7« EAMAS{E R]
DASIZI = A e A BB G Bk (1 T B, 348 n] AR A i 1 G SEBLOTDMIBLfS R 4t
R I ThRE. FARLE L4358 (nonlinear opticalfiber loop mirror—
NOLM). TOAD (terahertz optical asymmetric demultiplexer) 2545 XA
PRI 1 A e S AR AHLE, EAVR S H AR 4 B8, PEREAE T, 70 I B
il B RT 58 AR SR P T RE, DRI — Bl S e S AL (R ol T DGR, A e
OTDMARZE P AF 2 T )2 MR e B T n] LA A oo AR s Fik o A0 i 52 FH 4
EAMYE 'G5 5 Ak B0 A5Usk (7] HAT T2 224 H o BET-EAMPR) O FF G ) AR S AR 7 %5 31
B8, FH DA 0 LR S B PR S BLOTDMAS &5 I B B h g7 . JE T°EAM
v PR A SOBCAC R AR, 38 T DA S IR AR ™ L Sl 8 S ) R 3R AE Y A
Thie, STFMEARN S RARFOEM A TR .

69



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

&3.1 EXBIERIEBIRSH (pulsewidth, chirp)

3.1.1 #EAZE-BL/RiBF (Franz-Keldysh) ¥MFEFREIETHMN (the
Quantum-confined Stark Effect)

P PR O DUAH 2 T BRI G A R, AR — D S 34Kk,
FEWSOEEE SUR BT, RO . 27 AR LRy, WO st K
R . TR AR O & N AT 29 Oy Franz—keldysh 2% Y (FKE) Al
Quantun-confinedStark& % (QCSE) “". [X HIEFKEIEF-Hulk S M kL,
FLL 5 [T IR SR 2 RE /D, BB LS B RO S s TQCSRIY
TR THEAR, T RS R S R AR A A B AR R A A A R
DRI AR SR RE AR AR RIS, 7 30N ) A S 307 o,
%o RSO #8302 78 0 AU T 4NN 3 5 BB R AR RO B e
TN . Wi 3.1 BT QCSION, 4 s In) i F H s IR B2 S8 NN, 1y Bt ) R
T 5.

A I BT AT R S BAAE TR IS R Ty, BRI 2 i I 2
TR BN IR o 22 2 1v) s T P RS2 1) KA T 1) B By I JRE 6 o AH L, 71
BT A ARG, AT 7 0 2 R o WRSe i R B )y il Tl A k2 e
I I 2E- LR I VR RN AN RGBS v O SEIR IR o AESEBR B, RS E X
i BT QCS 808 Ll FK A48 A b A S v Ol b, DRI e e . FH 7 408K 22 B0 A5
ZREIEE T P IEATEZT IR HIAR Y QCS RV .

{E 3. 2 B H T LA SR 31 QCS 2508« 76 1y i B 2 Hp I AT B RLE 1A 34t
HL 3 7 AR 2 T b . 18] 3.2 Ca) 45 MR T 220 I XU 1 B R % 1

RETT A o A R B RS O T IHARORL BT L S RS R R A
Eep=BountEAE, 3.1
LETG R 77 T AW X R AL IO RS T, 7 A 1 B 1 HE A B8 A nT LA e
B A ST M SE LSRR R
E.i=(h/2)"/2m.,L," (3.2)
2 S BN, BE A RE S ECE PRI AN GELT R 1028 b ) A2
M) CREE AR o AN U2 f FE 25 18, ] LAV A& b OB 104 20ty Bt e

70



B R AIROR RO RS S T

B = Buy= 8 E/D TN KA, SOt I Ky il 42/ e Mol
P B R, BRI T A LG FLIAL A WA 1 JEE R Y P AR ™ o Wt
WA IFAR R AALMIRR, 2 ARSI A AT — W AR I o 3K RF Ak
e DA TSR A 5 P AR RER I R 8. X RSO, €
BFEHBAL T BUIR, AERATT AT DL AT &85 37 AR S v T DG b o XAt
FE, P SR T DA TR A R AN 1AL, R - (1)
H1 TR RIS, HL R3S 7 A S PR IR 1) 4 e A i B3 77 3 RN M e
TP 2) &7 BHZ M E AR, A b I 7 5 28 7 8] (R
PEFARR WA o M7 AE T2 A BEA ) o ) R BT 288 L PR 1 1 B A
starkZg W (QCSE) ® o Kb FBRAIS tark e, 1 BEMRHK W 14 2% L
R, AESN IR RO T RE R IR T M AZ 3, R “408 7, S
2o IR AL A T AR T DA R RO R B S A 2 T (R A SE

DL I v T g 8 DG USRS

M

i

B

Bl 3.1 BA TR BRAE T DR I I ) A2 AL 7 R

EEfS A= AN e VA e 1 R SR 7 S aWAN DB s ey = N P s e e (S D
(KIRERR, M0t HE 25 RE R R AR HPMQWAMIN fL I I e A2 i A2 4k, 18] 3-1 JEQCSERLNY:
FIRRE™, B PRy 2 RS RE R A, i DI I o .

71



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

A FhWE
p i n
8% | le[ 1ol
2 kg
==y — — | TR
&|--l@}-|-*
o || |
e
K i
(a)

(b)
Bl 3.2 Bl fi BN H 5N R R R E . REWMER, FEe kb s
2 7HE R TP, A RN TS R i I PR B RE

3.1.2 B/ BRI 28 7o A Bk v A B A R

72



B R AIROR RO RS S T

K 3.3 (a) EAM 556 35 44
(b) FEIETZAS SIKENF EAM 727 A4 Bk (s 5 ) it 7 [
MEAMAT H (6 D3 5 07 i R o< R T 3. 3 2ok ™ s
I = 1,expl-(V 1V,)"} (3.3)

HoP T EAMAE AR & LR V=0 NPT IR D, Vor B HEOGAE S IR DG EE R 1/ el Ty
B R, 2 ML ORI TR T PSR I BUELE 172, X T 1 P4
P IUELE 1~4. "9 5415 5 IRBIEAMIN,  FIRAEV AT RoR oA

V=V, +Vi:cos (2 7 f't) (3.4)
THEWTA], V2 ERmE B, Vi Eid s, fRmEe. 4

2m ft=mn (2m+1) ; (m=0, 1, 2, 3, 4+--.), 5 S ThER Kk

Lu=Toexp (= ((Vy=Ve) /Vo) ") (3.5)
B 27 £t=0, %55 LA

Lin=Toexp (= ((Vy+Vie) / Vo) ") (3.6)
3.5 301t 3.6 AHY EEAR 2 = A= Bkl iRV D EE (ER)

ER= T/ Tuv=exp[ {(Vit Vi)™= (V= Vi) "}/ Vo'] (3.7
7R R 8 B AT SOk F A g (FWHMD

I (tot A t/2)=Tw/2 (3.8)

to N DR BRI Z], A B PRE m A sE . Bk S el Romoh At
FHTI LA, FIHE=1/TF(3.3)- 3.8) R, HFFLTERK™,

ot g
At 4 0
—== (%)cos v (3.9)

73



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

A—fesh
g

o
5

0.4

0.3r

0.2r

0.1+

. . . . . !
0 05 1 15 2 25 3 35 4 45 5
FALRURIS

Bl 3. AEAM W SCRy 1 i 2k
3. 4 2 WU O SRR CR 2, BN S i s, AR IH A DA, Horp
Vi=2, n=3. & 3.5 BEAMFEAN A EE A 9X 9K = AR Bk oh i FLaf A, o
I,=10mW, n=1, V,==3V, V.,=V,, Vi=—0. 3V ; |8 3.6 & &7 L S BL A WOl R £V, 7
AR,

I mw
10 T T T
| n n
ol
o
ol
Z s
o
ol
Al
AU A
O0 1 2 3 A‘t 5 6
t 10"
(a) 40GHz
Iy HEmw
10 T
ol
ol
o
ol
EH
il
ol
Al
il
00 1 2 IL) 4 5 6
t x 107
(b) 20GHz

74



B LT AR O S R B A M
) mw
10 r r r r r r r
97 ” n
8l
7l
ol
41
al
2L
A A
00 0.2 014 016 0.8 1 1.2 114 116 1.8 2
C x 10"
(c) 10GH

3.5 Jy EAM FEANR S MR 1E 5L UK SN 1 7 AR kb (K07 L 45 2R

0.14

0.12

0.1}

0.08

0.06

Duty cycle

0.04| |
|

‘
|
0.02f

(a) FTRIHhZVe=0. 5V, N HiZve=0. 1V

i 2 L

0.25
n=1
0.2+
2 0.15¢
>
o
2
a 0.1
Vb=3(up);
0.05¢ Vb=4(middle); ]
Vb=5(down)
01 | | | |
0 0.2 0.4 0.6 0.8 1
VO
(b)
3.6 (a) H7H S n KGR

(b) o5 B S W R HVo ) R AR

75



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

3.1.3 R EX FE IR YT 18 ) 28 - A Rk i O S {E AR B

T FL SO A O 2 10 SR E I (B8] 3. 7) a LA PG5 () 2 4EAH
S IEIBAECH AT, (b) AR LEARAE i kAT o e AT TR AR i B — TR
A (3. 5) Tu=Toexp (= ((Vu=Vie) /Vo) ) R exp (= ((Vi+Viecos (2 7 £1) /Vo) ) FH
ST (V), 4 (3.5) AU AR Bk :
Lin=1oT (V) (3. 10)
GO D AR IE K T TR e

55 RER
hor %
R )
T ADFBEL 2% AT SEIR £
|
EAM1 EAM2
(a)
R -
o a4 FEL A Y IR 28
BR# TBUR A
A] JDFB¥L %
——— —
EAM1 EAM2
(b)
B 3. 7 20X EAM J0's 8 S 2 K]
Tuw=1,T, (VI) T, (Vz) (3 11)

M T 2 Y RE IR A A FE B IR H AR 2 1A EAM P 2R [Pk rh 1 28 2 A EAM = 2E
THIRZS N AT ARRS , AN]R8 H A5 5 I R DG 5 SR A S o 2R
e R HUAEIR 2 ] F T T ik =

Lus=Toexp (= ((Vy+Viscos 2 m £1)) /Vo) ") exp (= ((VitVis, cos (2w ft+A D)) /Vi,) ")

76



B R AIROR RO RS S T

UKD AEIR £ -

(3.12)

Luw=1oexp (= ((VytVicos 2 m ft+ A D)) /Vo)") exp (=((ViutViey cos 2 £1)) /Vip) ")

(3.13)

/3.8 (a) (b) 435l A ®=0, 0.6n 4K ITESE R, K3.92ADMN0
B w AR 0. 1wt — AUk Bl 2, (A RIS A ofar) n i, HILT
ke ST AR AT 1S, IR S T SE S IR . 7R BT 10=10mW, n=3;V,=
Vi =5. 0V, Vi V=5V, £=10GHz, Vo= V=5V

\J

A

.

14
12/
<
S 10
& g ' ‘
Pl
N 6t
&
= 4
&
%" o5

1

1.5

t

v

25 3
x107°

Ca) 2RI EAM £E A D=0 B % H i ik

14
12!

<

S 10

& g ﬂ

-

M 6t

=

- |

=
i,
o5

(b) Z%HEEC EAM 7E A ©=0. 6 % H kot
K 3. 8 ZRI: EAM ZEAN]A] A @ =0 F1 0. 6 = Ky H i 7

77



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

14

12+
10+

i IR mWI

8
6
4!
2

%

t

3.9 ZEIC EAM AEANTF] A 1t (1 ik o

&3.2 BT HRIRYIAH [/ TIRHR

3.2.1 A~ EL IR M IR 28 P Bk R S B SREE R 51

A 3. 10 A EAM PRk b e 8 SEg he B & K, I EAM B i e
40GHz, i APAKIEE 1530~1560nm; DFB JOGASHIIE 58 4 1. 3GHz, K nl iH7E
Hil 1530nm~1570nm; {1/ T~ 50GHz 7 6 1K) my e BRI 2%, PRIV C BB I
FERIEA R AR AR [ 86100C, HIAF ik T0GHz, & 3.12 B RAIETE 20GHz
MIESZ A5 5 IK80 T, i HL U 490, 8V St i kb AUl i 2k, ko 96 5 A
Tps, W98 0. 3nm, WFIAHFSEAA 0. 4479, FEARBA WM. K 3. 13 A i K
N, 7E 5V (¥ 20GHz IE5ZM5 S UKEN ~, ks AR, B T UG
HBE D P AT I, BRI 0, K SEA WD, 32 BT B i 119
B0, WA IR R . NP BRAVRAE S B, AELE-0. 4V, EFHAY
ey, AERCARTT DL 1 GG BAM 7= 26 J ik ok, i TR PRANAUR

55 RS

Thoreg bk
M

JBR A%
] ADFBYE A%

EAM PD EURE/R A%
P 3. 10 FRAS EAM 77 A5 ik ) Sz 56 2 o 1

78



fohe —n

o

T r O R EOL & K B 2B

2 10
=
E o
& o
=
2 104
20
=30 -
-40 4
50 4
1510 1520 1530 1540 1550 1560 1570
Snmidiv
& 3. 11 DFB WO 4 6%
> 0.024 | e —cxperimental data
RS 0.022 | ¥ Gauss fit of experimental data
s :
g 0.020 ﬁi
0.016
¥ N
0.014 £ X
0.012 . 3
0.010 4 Nerminlid
0.008 i . —
4ps/div
Kl 3. 12 20GHz IRk B4 il £k
0.5ps/div
13 38
,@:{- AN 26
12 L34
AV
T \f p30 @
= N, (28 2
£ 10 . [26 3
= - [24 &
. e [22 ¥
—s«—Rising time "~ [ 20
—+—=Fulse width - [ 18
8 T T T T
0 1 2 3 a

Negative Bias Voltage 0.5Vidiv

] 3. 13 AN[R] i B I i S £ K 5 A0 T

3.2.2 4R BK FE IR U VA R B8 = A Rk i R S B SEIR R R

3. 14 k=l EAM P2 AR ik e A1 ) s BG2 B I, AR T —ANml G E
Bk, mlYEE A 300ps, SEEUARA FIAIXS ZEIR . P 3. 15 ZRIBeaX EAM 7= A ik ol

79



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

FPAI AR, 3. 16 (2) (b) (c) (d) AR I 1 SOt a4 Hh B8, i s 23 Jal 1
0.4V, -0. 8V, ~1. 8V, =3. OV, ik A1 38 & I # 7% 9 &% W A3 00 ik 98 23 i
13. 6ps, 10. 9ps, 14. 6ps , 12. 8ps, FFFH#F4r 44 8. 3ps, 7. 3ps, 10. 6ps, 9. 3ps A
Iy LU H o s it ke JSEAT B SO A e AR, 1T 3. 17 AN T A
Jkh SERER ETHHS 2k . B 3. 18 J24E 20GHz5v IE54 1% 50K T, Rk AE-1. 8V
RIS AN R A K I RO R 0T 2 it bkh BT 922 4K, it Zm] LU
Hy EAM GG O a7 A Bk B J5E xT i ) 488 9 K FRT AR S AN BBURK

SR SR hor e

LT ON

EGHOL IR ATEDREIR & st 482

LR i R U2

K 3. 14 L EAM 7= A Jhkavp e 4 ) Sz 06 2 o 1

(a) EAM1

/_\/_\/_\
AWAWAY

Pulses from
®) EAM1

(c) Delay AT

(d) EAMZ |
(e) Pulsizz-j;dzfrum ! IA' A A A

K 3. 15 2B EAM 72 AR ikah 7 41 1) Jis 1

80



S SR IO BIEOE A IO B 0 AT

. (b)l

10ps/div

g 00 » 0.024
2z 2
S ooz2] - 3 ooz
E oo} - E b0
= 5
- } 0.018 ]
2 ooief - g
oosl - 0.016 ]
optal " 0.014
0012
ooz}
- ooio}
o010} -
0.008
0.008 =
(a) 10psfdiv
» 0024 > D024
= T E . : T T
2oz 2 oom| ]
Eoox x
H E -
goow 2 ool
0.016 oome:
0.014 - :
0.012 oona | I
. ooiz| - ,
0.010 . /
0.008 - - v.o10]--
0.008 F— o0.008 ot

(a) i i~

0.020 [ - - domimbonte + oot < b

-
-l

0.5pshdiv

' (Cj ' 1dps!d|v

3. 16, AN[RIfw BT kb dan ) s 46 ot

0.4V; (b) fkH-0.8V; (c) fhE—1.8V;

-
-

(d)

10psidiv

(d) fii=3. OV

= =Rizing timeithe lett ¥ 28
-k—- Pulsewidthithe right ¥

- 26
104 [ 24
L N o 22
ad | "y \/ 20
L 18
o] % 16
}'., J.): ﬂ"t-._*_._*_ 14
Y g S m

7 Y Y ¥

a 1 2 3

MNegative bias voltage 0.2vidiv

P 3. 17 ANTR] O s i b P 8 SR LT 1) it 2k

o N~

Wavelength

15'30 15'35 15'40 15'45 15'50 15'55 15'50
2.5nmidiv

B 3. 18 AR B kb BT AR f

81

Alpssd)



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

3.2.3 R EK EE IR U IR ) B8 P A (S SR Bk it PR B RO SR IR fF 52

VESE RO 28 5 R ETE NS 3. 14 B i 20 e A O i ) 2% o, S
st 20GHz IS S, M T N 20GHz FIThor a8 —0r A —, PRGN
55 BT 58 R 20GHzZ S AIAE 5 O 28 O 5 43 531 i 2, 1) i oS 1] sl 4 1 R F R A
W2 2 5 b, MHIRSCR il 2 HH R 1 6 F e ' FE BRI S8 R I A Hi A s
LE R R % b WU, VR R G AR R RS TR 2 e LR, A
FHIE 3. 15 P=A ik ) St B = AR T A AR 206Gz Bk 56 244 10ps B 46 ik v 3
H) P 3.19) 0 FHAE BAS rE I C R il g e 2R ko i) b dE . Bk s 5 LB N )
EBEER, UUZE 3,20 BT s, JH5 Em Ry 1 2 1 R A n) i
FIEIR G IEIR &, 78 il B R g Bl AAS 2N 3. 21 M Rkph e84 ik,
Tk PP %) [ B B AR Sl 40GHZ, Ik ER 2 10ps.

0.017
0.0164
0.0154
0.014 4
0.0134
0.0124
0.0114

0.0104
0.0094

0.5mV/div

10ps/div

K 3.19 F=4: 20GHZ k)7

AT

(a) EAM1

el A VAL VAR VAR
(¢) Delay AT |_/1 \_/ \_/ \_/

(d) EAM2

Pulses from |
(&)  pam2 \

& 3. 20 FLABURAG 1 11 i L

82



S SR IO BIEOE A IO B 0 AT

> 0.014

ié !

= 0.0134 p

- )

o)

o 0.0124
0.011- ‘
0.010- I \’
0.009 +—————1————1—

10ps/DIV

4 3. 21 20GHz 15245 5 95 3h K42 40GHz Jik i 41

[E4]

AT FLIRASEES F A BIFIT T BRIk X RSO RO # 7 A kd
FHSERCT N LT I LA
1y SERT B B R RO 2 7 AR Bk K e HE S, 73 8T 10GHz . 20GHz
H1 40GHz $AE 15 5
2+ SR T GBSO O A% A Bk R (K B HE 5, 054 T 10GHz  20GHz
ACER IR
3 SERL T e A O O B P A T TR G B R A R A S,
T 10GHz 54 %) 20GHz ${E )7 B
4. SERCT A TR IO A5 7 A 20GHZ Jiki e 81 ) S BRI 5
By SEM T Gk ST TRBOL 3 7 4R 20GHz ik 81 1 S 56 B
6. 58/ I 20GHz 1F5%15 5 IK BN ZIBE Fe RS V80T 2 7 A 40GHz Jikrl e 51 552
BRI o

S 3R

[1]V. Kaamn, S. Z. Zhang, A. J. Keating and J.E.Bowers “High speed operation
of trabveling wabe electroabsorption modulator” ,Electronics Letters,
1999 Vol. 35(12) :993—995

[2]R. Schmid, T. F. Meister, M. Rest and H. M. Rein, “40Gbit/s EAM driver IC in

83



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

SiGE bipolar” ,Electronics Letters, 1998 Vol.34(11):1095—1097

[3]M. Moller, T.F.Meister, R. Schmid and H. M. Rein, “SiGe retiming high gain

power MUX for directly driving an EAM up to 50Gbit/s” , Electronics Letters,
1998 Vol. 34(18) :1782-1784

[4]E11is AD, Widdowson T. Shan X, and Moodie D G, “Three—node 40Gbit/s OTDM

network experiment using electro—optic switches?” Electronics, Letters,
1994Vo1. 30 (16) :1333-1334

[5]Marcenac DD,Ellis AD,Moodie DG, “80Gbit/s OTDM using electron

—absorption Modulators” T00C-ECOC 97, 1997:23-26

[6]V.Kaman and J.E.Bowers, “120Gbit/s OTDM system using electro-

absorption transmitter and demultiplxer operating at 30GHz” Electronics

Letters, 2000Vol.36(17):1477-1479

[7]S. Oshiba, K. Nakamura and H.Horikawa, “Low drive voltage MQW

electroabsorption modulator for optical short pulse generation” IEEE J

Quantum, Electron, 1998Vol. 34(2) :277—281

[8]V . Kaman,Y. J.Chiu, S.Z. Zhang and Masushima “Optcal short Pulse

Generation By Double Gate Operation of Tandem Connected Electroapsorption

Modulators Driben band by Sinusoidal Voltanges” Electron.Lett, 1993

Vol. 29(16) : 1449—1451

[9]H. Tanaka, S. Takagi, M. Suzuki snd Matsushima, “Optcal short pulse

generation by double gate operation of tandem connected electroapsorption

modulators driven by sinusoidal voltages” ,Electron. Lett, 1993 Vol. 29
(16) :1499~1451

[10]F. Devaux, “Tandem of modulators for high on/off pulse

generation” , Electronics Letters, 1997Vol.33 (16) :1491-1492

[11]V . Kaman,Y. J.Chiu, L. Thomas, S. Z. Zhang and J.Bowers, “Integrated

tandem tralling wave electroabsorption modulators for 100Gbit/s OTDM

applications” , IEEE Photon, Lett., 2000 Vol.12 (11) :1471—1473
[12]D.D. Emarcenac, A.D. E11is and D. G. Moodie “80Gbit/s OTDM system using

84



B R AIROR RO RS S T

electroabsorption modulators” ,Electronics Letters, 1998 Vol. 34(1):
101-103

[13]JA.D.Ellise et al, “Fulll0X10Gbit/s OTDM data generation and
demultiplexing using elctroabsorption modulator” , Electronics Letters,
1998 Vol. 34 (18): 1766-1767

[14]B. Mikkelsen et al, “160Gbit/s single channel transmission over 300Km
nonzero—dispersion fiber with semiconductor modulators based transmitter
and demultiplexer” , ECOC 99, Vol. PD2-3, 1999.

[15]D. Delprat et al. “20-Gb/s integrated DBR laser-EA modulator by
selective area growth for 1.55um WDM applications” , IEEE photon.
Technol. Let., 1997 vol. 9:898-900

[16]Yi Luo et al. “2.5Gb/s electroabsorption modulator integrated with
partically gain—coupled distributed feedback laser fabricated using a
very simple device structure” , jpn.J.Appl.Phys., 1999 Vol. 38.part2:
L524-1526

[17]Yan Xuejin et al. “Monolithic integration of MQW DFB laser and EA
modulator in 1. 55um wavelength” , Chinese J. semi conductors, 1999 Vol. 20:
412-415,

[18]Xu Guoyang and et al. “Monothic integration of DFB laser diode and
electroabsorption modulator by selective area growth technology 7,
Chinese J.semiconductors, 1999 Vol. 20:706-709

[19]Guoli Liu and et al. “Anovel structure of DFB laser/EA modulator
fabricated byselective area growth” ,0ECC’ 2000 , Technique
Digest, paper 12p—60:306—-307

[20]Y.K.park and et al. “Dispersion—penalty—free transmission over
130-Km standard fiber using a 1. 55um, 10-Gb/s integrated EA/DFB laser with
low—extinction ratio and negative chirp” IEEE photon. Technol .Lett .
1996 vol. 8:1255-1257

[21]D.G Moodie, A.D Ellis,A.R Thurlow, I.F Lealman,C.W Ford and M.]J

85



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

Robertson, “Electroabsorption modulators for ultra high speed OTDM
systems” EDD Colloquium (Digest)1995:3 1-5
[22]1.D.Phillps, A. Gloag, D. G. Moodie, N. J. Doran, I. Bennion and A.D.Ellise ,
“Simultaneous demultiplecing and clock recoveryusing a single
electroabsoption modulator in a novel bi-directional configuration ”
Optics Communications, 1998.Vol. 150(5):101-105

[23]D.T.K Tong,K.L Deng, B. Mikkelsen, G. Raybon, K. F. Dreyer and J.E.
Johnson, “160Gbit/s clock recovery using electroabsorption modulator
—-based phase—locked loop” Electronics Letters, 2000 Vol. 36 (23) : 1951
-1952

[24]S.Hi jfeld, S. Bischoff and J.Mork, “All optical wavelength cinversion
and signal regeneration using an electroabsorption modulator 7 J.
Lightwave Technology, 2000 Vol.18(8):1121-1127

[25]N, Edagawa and M. Suzuki, “Novel all optical limiter using electro -
absorption Modulator” OFC 2000, 2000 Vol. THP1-1

[26]T, Otani, T.Miyazaki and S.Yamamoto “Optical 3R regenerator using
wavelength converters based on electroabsorption for all optical network
applications” EDDD Photon, Lett, 2000 Vol. 12(4) :431-433

[27IM. K. Chin, “Comparative analysis of the performance limits of
Franz—Keldysh effect and quantum—confined stark effect electroabsorption
waveguide modulators” , IEE Proc. Optoelectron. 1995 Vol. 142: 109-114
[28]Low—Drive-Voltage MQW Electroabsorption Modulator for Optical
Short-Pulse Generation, Saeko Oshiba, Koji Nakamura and Hideaki
Horikawa, IEEE Journal of Quantum Electronics. Vol. 34, No. 2, Ferbuary
1998:277-278

(29145 “OGIEAE FH ALK ph U T i) S JLAE A AR N P9 5 AR OR A
i8¢ 2004:49-69

[30] [ZE]H IS (Ivan P.Kaminow) , JG%a%t (Tingye Li) “Jaefiifs” F—
i AbTISH A2 AL 2006 4F A % 510-520

86



B R AIROR RO RS S T

[31] Osamu Mitomi, Shunji Nojima, Isamu Kotaka, Koichi Wakita, Kenji
Kawano, and Mitsuru Naganuma, “Chirping Characteristic and Frequency
Response of MQW Optical Intensity Modulator” . Journal of Lightwave
Technology. 1992, vol. 10(1)

[32] K.Yamada, K.Nakamura, Y.Matsui,T. Kunii, and Y. Ogawa “Negative
- Chirp Electroabsorption Using Low—Wavelength Detuning Modulator” .
IEEE PHOTONICS TECHNOLOGY LETTERS, 1995 vol.7(10):1157-1158

[33] K.Wakita, K. Sato, I. Kotaka, M. Yamamoto and M. Asobe IEEE Photonics
Technology Letters, 1993 5(8) :900

87



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

EME KM ELRERSTETAR

TEASKR IR T, NAZ2Z s ZH (DM A 2p 52 (TDMD FHEZS &5
RGT. ACHE o BTG [, 38 G TG ] (A B4R (crosstalk), YGiiKE
iy EEGVE o — 7 TR 8 B RS 2 LB, B e (4 A A et &
i, REAAINEE B 5y — 7 DB IE R R B, RGMIE IR s . R
Pk AR A B EE e, KT AR AR R Bkl kSRR, AR . A T 4RE %
JE RGP AR SR, GBS GIR K G R BN B (RIS S, R T
EGUEAL, A S TR AR R — Ao L 7 ), R B R G
SERAWTEE N, B BARR M . HAT, JCHURE R AR 2 XA S R 9 AT ) R 5E
e, e BESRIURE IR Ak 5 PR RLBR A, Bkl A — AT FE RO

BRPAESCET o R 4R 0y W R AR R R i it R4
OHCMEIR IR, OB ER 5 Kby P EEKCIN, SR HDGEF I
HUE B AL B .CANT I, i —@ KM, Boh Sy s . A8ty
IR oy FPCET— e, IRV RGE ™ HARRR IR R AR AR . JeLF Jebihxt Fs 4
I BRI E AT (K E H CLBIX AR, SRS AN BEAT AN R 4, O
LF (R F A I ARG A ) CSPMD RIBEIEUE (AL (GVD) IMERE ALY, fd bkl
AT PR R WK, SR U A4 Hs 24 1 WA WK bk v e 8 2 %) B 5 GVD, - 1073k
FH K H 4 vl DL GFNIT 2T 4050 A R Rt o A R R 4 07925 o H— B B A il
(RICLF R 8, SN TR e TG 2T 1) B L X S AR iy, 8 77 T SPMEAEZR 1tk sk Al
GVDZRMEALN, W ATkl Fe i =4 T B A e I F LE R e kb 22 3o
— AT AR JEAT VTG A B IR R B TRk Th R, B T
ICFBYEN. Sl L T LA R 4aBoR, . BRI DG LT 4 s, )
F B C4F, AR s AL MG 4F (HINLF) RIME@ S BB LF (SMP) 41
FEAEH AR s Bt G £F e 2 8% 42 i SO0 BEAS — 1R €8 50 1A HNLE ASME
AR, I iIE N s 4 2% 5 S5 28 I NLE FISME , 38 1ok €6, B £ # FOHNLE IS, SPM
2N 1 S 384 SR TR DVD AR N AT 20, T L SMP IS SPMAG IS m] 200, B A5 B A3,
HARSEAW, 0 BRI ], v DUARR S kol IRAR I fs 4 AL

88



SPUE Gk 4 PR 5 SR oY

Wk 2T AR I A IR W NG LT AR, 120G ET I O SR AR RN AR
AN AR AR TAENK SE ARG DU T, A5 B 2NaE 0, 33k i fok 58 45 2 FR 4
A P ARZ BT (HNLE) RISl FBe el (SME) [R5 VAR IR ARt
LR IRAFZ ALY, AR R R JH T —X 418, Bkl i 5678 U A% 1 HNLE o
ek, FAO TR AR AR L AR S IR Bk v e SE AR, I K S8 LA AN o T SPM
R a8 A2 KR IR WA, AR5 k' 7 1E AN SME, FESPMAN 4255, GVDRINAR
5, ERMERAME IEWAIK, K73 2 4 .

AT BRI 73G9 A 4 (R (R M s 4 I K v s 20 AR €2
HUNEAS [0 e BEARZ M YC 2T A Kok IR 4 5

&4.1 EXIBIRNT B

YRk E G b AR N2 se 75 Ty R, A o S P 2 R AT
oB

VXxE=—— (4. 1)
ot
vxH=3+P (4.2)
ot
V-D=p;, 4.3)
V-B=0 (4. 4)

AP, B H 30 FI7 S R AN I 5 B O K D, B 40 DA HUAE S X S R
PSR IR R R p, Ros B I, fEJeel J=0,

P, =0,

A I A AR I PR SR B E R H ORI, F B S5 6 D RGN 5 B b B
IR, EAT R R T R R R
D= & E+P (4.5)
B= 1 H+M (4.6)
A, e HEAFTAEELG v AESPIECTR: P 2850 R R A 5
FEFNRERRALTREE, TECEFIXRE R TEREPEA T PN=0.

SRR (401 WIS, JERIAHEN (4.2) (4.5) F1 (4.6), FHE, P2
B, D, WAL HOGAL Ry F

89



JEEL i LI A P PR ' USRI 9 R B 8 i Ol s s (K BT

1 0°E o°P

E;{;ig"-ﬁ%'égr (4.7)

VxVxE=-

. 1 . . o
itl:'ji ﬂOgO:C_z’ Cj\jﬁfﬁqjﬁgj[é@o

WRHEIEE O (P a7 ORI = AR 0N, A LR AL

5ER J5E FH P 3 0 A s

P(r, t)=P. (r, t) +Py (1, t) (4.8)
A, ZeMEEf P (v, t) FIAEZAEER 0Py (v, t) B39 E R R N -

R =gf 7 (t-t)-E(rt)dt (4.9)
Rt =& [ [ [ 2%t t, t1IE(r, dy)E(r,dt)E(rt)dtdt,dt, (4. 10)

FEBTERICET ML SR RZ T RS n (o) AR, T4

VxVxE=V (V-E)-V’E=-V°E (4.1D)
KA T :
V-D=&V-E=0 (4.12)
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