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40 Gb/s All-Optical 3R Regeneration

Lou Caivun Yang Yanfu Huo Li Pan Shilong Gao Yizhi
(Department of Electronic Engineering, Tsinghua University, Beijing 100084)

Abstract: A novel 40 Gb/s 3R regenerator was proposed and demonstrated based on two-ring injection mode-locked
fiber laser as the clock recovery and electroabsorption modulator as the reshaping optical gate. The effect of the shape
of the transmission spectrum of the optical filter on the output pulses of actively mode locked fiber ring laser has been
studied experimentally and numerically. It was found that, with the same 3 dB bandwidth, the filter which had a
super-Gaussian profile tended to generate narrow pulses. With this scheme, an optical clock pulse train with a
spectrum bandwidth of 0. 44 nm, a pulse-width of about 6 ps and a timing jitter of <1 ps was recovered. The
transmission function of optical gate was improved by optimizing the design of parameters to approach the step
function. The width of the switching window was also optimized. With this regenerator, error-free 3R regeneration
was performed from 40 Gb/s RZ signal that was degraded by residual dispersion.
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1 5 Gl

TR E KRB ME ML H, B EF 3 2R 1t B
CH AR A ] B SCAHAL R ] L U IR0 5 1 B £,
BERE EM, A KOBEF R A5 B R RS RS, Y
RETBESTNATE, BRES™ERY R
B GERLBITE B, A RRH T R G M1
EHIEZEMEE. £t 2R B4 (Re-amplification
Re-shaping) 7] LA {55 1 8 B W2 75 LR B (55 1
WML, (Bl TEABENIIE, 2R BAARGRRS

* B K B AR IS (60444008) ¥F B E ,

HERRLE MW KK N, 2% 3R (Re
amplification, Re-shaping, Re-timing) T 4= J& %
b3 ) BB A RO Y IR B 6E 18 i — A B
HHEA, AMIFEATLEGRICHEESHELEUT
BOR DRI RIEFE DO XA G S E s s R s
AU B R W i A T 3R 2y 754 B 5 3) 1 T DG EE AR
WA WEK 5 4 et B A B0 5 5) %o B0 T8 TS B A AR B B 5 6)
R R AR, B bR b — 8K 825 MR
B AP ER AR SE B T 208 3R A, HiX S8y

YEE R BREQ946~), &, REANBEHRRFHF IRAAR, TENFRHIOGER 7 ERBIRTE.

E-mail: loucy@ee, tsinghua, edu, cn

e # B 2004-11-13; W) BH B #: 2005-03-24



1468 Xt &4

1% 25 &

HEASRBBLHL. HT 206 3R &AL
W A% (EAMD I 21 T Rfdlhfb . T A H8R A
R Wi ) 28 P 2206 SR FERAEARTT, BRI 28, (B
J2 FH T R O ] 2 O RAE KK, T BRI B EDRE
BRARZ MR T RER M, ASCRE T RAE
A GG EF BOE AR 1T 8 3K A L e IR A ) A 1
HH P TEAT RS B IE RGBT B 20t 3R HA 4.

2 26 3RBARKE

Bl 1 ZE iR HE N O 40 Gb/s 23 R FIOE K B
. Hepsrfi i (DFB) 0L R LB KR A 1
PS4 v W Wi 1R 2% 9 ) S e AL A 10 GHz s
Rk, SR G AR R 48 G DK TELI0 2 ps. SERKkph R 4EBRR
PRl 2% A U JE i > B R A 2R A2 140 Gb/ s
FROWGGFS. B 1PAYE N REENAGHT
20t 3R FAAVR B R . B HDBR AR E A P

r-r-—r——m—mm"m""="=-"=-="-—="==-—"==- 1
| Modulator

] z 10 Gb/s !
I 1:2)\?;32 - Compressor e élilll,(/)s i— DCF
1 |
I ]
: ,
1 |
QY PPG I
| |
Lo e o i e e e e — i

40 Gbit/s OTDM transmitter

B EEHEMFEERZABA—-BEE
HOHS BN A A EEL (DCP) LIE R #E A6
BN EIRES . BANBERESEMEHE S
FRPTER 53 » 43 3 4 A\ B B 40 WK 2 B8R 0 (i A B B &F
BOLEH FEH YT (EAM) . I 4h % 2 350 W% K
R A WBHEES PIKE BB R A B EIRDN F B
L AR I B B BT M O B b Bk v . 7E A H
FTH EBRE S B RDEARR T 526, FE e
1 Bsf 4 Bk v 32 B BUHE A5 5 BT 1, AT 4 HE R
(Re-shaping) F & B} (Re-timing) T B A= Ye S35
B, AR, B A 4R BURT B ) P 2 o 3R TR R
BEEAR . ARSCHR M 3R A2 M B Bk E S on R —
MEAGHEICEF OGRS SEAIP T R — A H IR Y03 o
#5. KPR A Agilent 86100A T 8155 i AR &l Al
W8P 3T , Anritsu MP1762A/1761B 1R800 547
155 MRS .

r-————" 1 [TT—7777 r—-——77
40 Gbs | ;6{?/5% § :'"‘"'"
| Optical 9 PN I | Oscillo- 1
! gate ! ' Oscilloscope ! m scope :'
[ AP ||
1 t ! 11 )
I i
'l Optical o !
. I Delnultlpl&ToL_L
i clock { I xing 10 Gb/sl BER |l
| [recovery | | | | | I
AR ! o ____ 1 1 }
3R regeneration Demultiplexing ~ T 7777

PPG:psendorandom pattern generator; OTDM:optical time division multiplexed; DCF: dispersion compenrating fiber; BER: bit erren rate

Bl 1 40 Gb/s 3R &4 KRS MWIER
Fig.1 Experimental block diagram for 40 Gb/s all-optical 3R regeneration,

2.1 £xHehikE

3R HAER — RN B EIEE S TR
/N JEE R B BE BB E K .
ASCHRM T — ¥ 10 GHz H 58 TTF 1 BRI
B EA BB RO S, Ot 5 R Fe g AR 48
58, 5LH 40 Gb/s BB S HOLRHIRE ., B 2
NRRFEABB A BOb A R B, W E LR B
=2 EFBEOLABOLH LR IRG IS . S5
SRS A E S BUEEOEAS S, 18 2 18 ] A% A
10 GHz St ¥ 4k %5 31 » Ot HL 3R ¥ B 1K 9% ¥ 430 R W] LA
POEXMNESEABE, " EREREK 10 GHz
LS. ISP IR B S S B EOL A LA K
E/ O fill #% » ¥ 3 3h B SO 25 19 55 R 8 % B Sh
HEARE S BB R L, W™ 4 10 GHz St ik
. MEE 3 WS — NERY 40 GHz i3k
fit B -3 % (F-P) §8 P & S HR % e A% LE % 40 GHz
YISk . XU TEA BTG S B 8% i Ik 2 1
B2 TO RS BN, S5 5 $L 3 BB ) 3R .

BT PIN By A MA S s R — M RAMRE Q
ERR A, T — SRR R K, IR A
HES M T KO7FI, BKEF RN RE TR
BRI EIR Y . IS TE I K R AT
TE 75 BY 380N 3 ARG PR 8 B2 AN ) 4 3

Input
Delay  Coupler
I
Er—_doped [ e
Coupler() fiber . PO
Optical Modulator
filter  Coupler
Output <

N ]

980 pump
;P]N Electrical ; !
filter

B2 WEFHEAPELBOLR S WA BE

Fig. 2 Scheme of two-ring injection mode-locked fiber

ring laser
K ) B 05 5 Bk 58 2 — B 118 AR,
Kuizenga FlI Siegman'™ %5 H{ T SR #O6 A% 7™ A OB Bk



11 89 EREE.

40 Gb/s 5 5 H£6 SR B4 1469

MPRKSES E N TT A 3 dB HF BE K S J5 AR AR B B 56
R TEXGREABBOGE BOLE KN OGN 58
/NI ARG BB B AR » (EB I T HT T8 K 98 B G IE B
WREFOLH AR EB. AT ERAMKEIIE
W 1L I AR N Bk b e 1 77 A B R, EAT T 2R

HERMIRBIL. I HO) —aexo| —+ (L) ]

IR IR A S IE IR, Kb m=1 KRB
NEHIE om KT 1 R@BE I, m #K, & T
TRHF, TERE N BB RS LT, X IR B i) m=
1. 35 Fll m=3. 25 JX BB 1§ 00 T A= J3 FR) Bk b o't 3 2
TTRUERL, B 3 B7n TR, K BLA

Lt Filter
@ - ©. m=1.35
- ¢ -~ A "(

. Calculated B .
spctrum

11

TR A 7 S i 4R, TR R P X R K m R R
K SRR R BB BOL A8 4 O Bk vy bk . M EIR
B, SR B2 I TE AR R B0 m B 3. 25 45 B i 0% Bk ub
G E I m=1. 35 B EFEL , iy 28 el B ik o 1
I E) Y FE IR RS AR DL PR FE A . L B
1.5 nm Hf 98 5 357 7% 2 1 O B A% A OLIE N T
0.3 nm, & EHE K, HEH 0.40~0. 44nm K4
W Fi, TFEWHRIBHEAMN 3 B RHEERK, X
Z5L {6 R U 1B 1% 0 1 1 DB B A 5 B RS A9 3 0 Bk b
ASCEARE 3 dB A 1.5 nm [BFES N
7 15 ST TE (TR - 30 F) DB I 2%

Calculated:
spectrun,
/ .

“x.

.1”

B3 IHERERARDGR RSB RS W, (DR, (bHEFHE

Fig. 3 Calculated spectrum of the pulse with different filter shape. (a) Gaussian profile, (b) super-Gaussian profile
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Fig. 4 Configuration of the electroabsorption modulator (EAM) optical gate. (a) Basic principle of electroabsorption

modulator gate, (b) electroabsorption modulator gate with two data streams
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