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Study of Two Stage Modulation Formats in High-Speed Dense
Wavelength Division Multiplexing Systems
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Abstract The fundamental of two stage modulation in intensity modulation direct detection (IM-DD) high-speed
dense wavelength-division multiplexing (DWDM) systems is depicted. And based on the transfer characteristic of
Mach-Zehnder modulator, the mathematical expressions of four modulation formats are derived including: full
frequency modulated return-to-zero (FFMRZ) , half frequency modulated return-to-zero (HFMRZ) , single sideband
modulated return-to-zero (SSBRZ) and carrier suppressed return-to-zero (CSRZ). The characteristics of both time
domain and frequency domain are represented according to optical eye diagrams and normalized spectrum. Then the
dispersion limit and nonlinearity limit are numerically investigated respectively by comparing the eye opening penalty
(EOP), and CSRZ performs better than other formats, At last, the Qfactor, which is relative to the system bit
error ratio (BER), is obtained via numerical simulation utilizing comprehensive DWDM system model. The
performance of CSRZ still maintains the best and the superiority is more evident when polarization mode dispersion
(PMD) is considered. In conclusion, CSRZ is a preferable choice in IM-DD systems.

Vol. 32, No. 6

Key words optical communication; modulation format; numerical simulation; dense wavelength division
multiplexing
1 51 § 3, AT M T ¥4 25 37 B AR e S B i ) 53¢ S 1 B

AR WK B B (DWDM) R 4t
RHECHEFERAEWEZLET M., BEEER
BE 40 Gb/s BEHIR T 4 ARl R T BRI, i TR
A ESEIIE (55 2 05 BB OBE AR LB
DA B A iR A5 €2 B (PMID) [ 5% Wi S8 0 7™ 28, T PR A 2
B AR R G R — P R 2. i

7R H . 2004-04-28; W B EcRE H #. 2004-12-10

R, W A & -3 864 i KA (Raman-EDFA) 1R
ATl R 4R B 645 1 B (OSNR) | 8 5% BT 1] 24 48 4 7Y
(EFEC) /MR % % (BER) , £ il €0, B kb2 5 AR % 8
B R R T A M B B S R A MR IR IR
B 85 0 R L A X o B B R M
HERDWEEREANBEMETHFH TR

ESHB: BFX AAR SIS (90104003, 60372096) . FE 5 863 HRIAB & 2R F 5 A ETE ST H (104044) 3 By i5ER .,
EHEN. KEQI79—), B, MEEEFEN LEHE RELEFPFOLELHEE, FENELECNNERS
HE,40 Gb/s B M LB REHF HHHF .. E-mail: zhji_79_0@263. net



816 B 55|

# * 32 %

BRSO (R B T 3E 5 T2 A RO AE
TE Tr) 0 <l £ A0 0 5% i) s BE ™, KR AN A TAE
FEBSERRGETEEN., Bk, AIRETZ
7o 24 10 98 1 75 K 4 AR S E AR = 5 T i AR
PERED 4, 33 i ) A R T LA SR S %o v R -
/R (Mach-Zehnder) J8 il 28 #E AT /M H S 2, A
SCHE Yot 5 BE I ] B A I (IM-DD) IR REH K
ZRVARI VLR AT B A, I 8 o BOE 5 B R &
il 4 2 B e RE AT BT AT

2 A R

— R AN 1 TR . SR RO
He B R D 8 3 A T — % A K B B S R
T 3E A E A R R R RS —
Tl 28R R R TR R A R MR A B L i
RS (NRZ BRI B . KT 4070075 8,

clock 1 Piast

M72 ou

MZ1
: £,

electrical

NRZ clock 2 Vh,,\\-g

I3 L

Fig.1 Configuration of two stage modulation scheme
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Fig. 3 Optical eye diagram and normalized spectrum for four kinds of modulation formats.

(a) FFMRZ; (b) HFMRZ; (c¢) CSRZ; (D) SSBRZ

4 fRRPEEE

SEF IR 3K F B 4895 (EOP) R B Q 16 T, /1
L0 210 07 ¥ 0 45 R U o A S i BT T L
B IR L TR R A A R B A B AR B
HEY S LIARG T R R . K TP

- NRZ (a)
—+ HFMRZ
-- FFMRZ
: -5~ SSBRZ

5

4

3 * ! -& CSRZ 4

, T, Pt
1

0

EOP/dB

i R T

,2 1
-40 -30 -20 -10 0 10 20 30 40
Residual dispersion /(ps/nm)

1.4
-8 NRZ (b)
-+ HFMRZ .
12 -o- FFMRZ /
1.0 b ~SSBRZ ; A
. - CSRZ i
5 By«
= 0.8 "
5 %ﬂ”
© 0.6 [rbrr ooy e 3
. A o
0.4 =
0.2 4 A)?Arf P
' g/v):?’?/_‘__.&-~4~”*‘*"‘*réw
0.0 =S

01 2 3 4 5 6 7 8 910
Average input power /mWwW

B 4 &FiEH RG-S 8 EOP B8 () 5k A A
(b) S35 % A Th 22 i 28 1k il 2%

Fig.4 EOP of every modulation format versus (a) residual

dispersion and (b) average input power

ByAMTHEIRAZTHEWMEMNLE R,
4.1 BEEMIFELERR

B 4 K 25 FiE i 45 X B RS R () FAERPE R
Rb) W . () HZ BT Z B B ol A
(GVD),AEHZF M i T g &2, ZHEE A E
) 5 /) 5 LR A R JB 40 ) O R, L R TR T B
% F 1 dB B BB EUA IR R 40 pss 5 301 H 38
VARG A0S AT ] VA R s B R 2 A O )
T, B Ry HOAR O e B . Wl o AR IR O R AR 4 1 B
LR P A 5 57 R B Tk v o 1) 6k e o b DA B
MR ETRTT B R FHRIAME . (b) R K FEER AR
67 B 5 Dy 2% 4 80 km 5 i SR 4F (SSMEF)
Jei W BRI 5K B R 405, X O T R S B AL
H (SPMDIR G EFH MR, o LLE BIRE MK T
TR S 0o B 518, RO B i ol R ) B 4G,
REFIRMEZEAK, FHX THEEREREMW
3 B8 B R AT P RE
4.2 BEEKERREHE

T AR I A B R G0 R I O 4R S B A SR
(71 R4, 455 %R T BF B il = I sl
(TOD) ., & A3z  #l (SPMD 32 XUHIAL i (XPMD | Y
PR AT (FWMD KA Bt 4 BUSERO , S4F S8k 1
Fim. BB B H 80 km 5 i M E 4 (SSMP),
16 kB M (DCF) fl— ML iR S84
B KBS BORES MRS HEECY 4 dB. RS
5K 8X40 Gb/s,f5EMIFE 100 GHz, X T 3 BiiH5E
R S50 R R S UK BN 2° BV,



6 # kES .

R AR By B RGP R il AR ST 819

WS SR 8 R S E BB B AR » 4 R 80 GHz,
®1 AMETSH

Table 1 Parameters of two kinds of fiber
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Attenuation /(dB/km) 0.22 0.5
Effective area /um’ 80 20
Nonlinear refractive index

/(m?® /W) 2.6X107% 2.6X107%
Dispersion at 1550 nm /(m?/W) 17 —85
Dispersion slope at 1550 nm

/[ps/(nm » km)] 0. 075 —0.35
PMD coefficient /(ps/ v/km) 0.2 —
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Fig. 5 Q-factor versus transmission distance,

(a) Without PMD; (b) with PMD
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