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Long-Haul WDM Transmission Using Higher Order
Fiber Dispersion Management

M. Murakami, T. Matsuda, H. Maeda, and T. Imai

Abstract—We propose a fiber dispersion management scheme acteristics such as dispersion and nonlinearity, as well as the
for large-capacity long-haul wavelength division multiplexing gain bandwidth of optical amplifiers. In particular, long-haul
(WDM) transmission systems that considers not only second- but systems are significantly impacted by the interplay between

also third-order dispersion characteristics using transmission fiber di . d i it ful iderati
fibers with opposite dispersion signs. It eliminates the waveform iber dispersion and nonfinearity, so very careiul consiaeration

distortion of WDM signals that originates from the existence of Of the dispersion characteristics is needed [2].
third-order dispersion, which is a constraint placed on WDM Fiber nonlinearity and dispersion are known to cause signal

capacity in conventional dispersion management, while reducing waveform distortion and interchannel interaction between
the interchannel interaction caused by the interplay of fiber WDM signals [3]. Waveform distortion, which is due to the

nonlinearity and second-order dispersion. Design concept of . . . .
the scheme is discussed to show the feasibility of using actual'merpl"jly between self-phase modulation (SPM) and dispersion,

fiber parameters. An experimental investigation on transmission Can be reduced by decreasing the value of dispersion. This value
performance regarding the signal pulse format, nonreturn-to-zero mainly depends second-order-dispersion, i.e., group velocity
(NRZ) and return-to-zero (RZ), and interchannel interaction dispersion (GVD). To the contrary, interchannel interaction,
caused by four-wave mixing (FWM) and cross-phase modulation which is due to cross-phase modulation (XPM) or four-wave

(XPM) is described for optimizing WDM system performance. It L .
is experimentally shown that RZ pulse transmission is possible mixing (FWM), becomes smaller as GVD value increases.

without significant spectral broadening over a wide wavelength ~ Conventional WDM systems resolved this conflict by using
range in dispersion managed fiber spans. Using these resultsnonzero dispersion fibers to achieve large local GVD and in-

together with a wideband optical amplifier gain-bandwidth  serting dispersion compensators at regular intervals to eliminate
management technique, yields long-distance WDM transmission Gy/p gyer the entire system. Such configuration successfully
with the capacity of 25 x 10 Gb/s over 9288 km. . . . .

reduces both the interchannel interaction and the signal wave-

_ Index Terms—Optical amplifiers, optical fiber cables, optical  form distortion caused by the interplay of fiber nonlinearity and
fiber communication, optical fiber dispersion, optical Kerr effect. GVD

Such an approach, however, manages only second-order dis-
I. INTRODUCTION persion, so signal channels that deviate from the average zero-

ECENT developments in wavelength division multi-dls.perSIon Wavelength (2DW) experience dispersion accumu-
lexing (WDM) technology offer transmission capacitielsat'o.n along the gnure .system.length Because (.)f . §X|stence
b —of higher order dispersion. This accumulated dispersion leads

that exceed those of single-channel time division multiplexn}% waveform distortion in those signal channels due to the inter-
(TDM) systems. Indeed, large-capacity long-haul WDM trans- 9

- Y lay with SPM and the distortion becomes more significant with
mission systems over transoceanic distances are now b

N . : : .
intensely studied for installation. The transmission capacity (k} channel bit rate. Thus, the existence of higher order disper-

. - . : ion limits the available passband width of the WDM system in
WDM systems can be increased by raising the signal bit rgte ! D . S .

: erms of fiber characteristics. This restriction has become crit-
per channel and/or the number of signal channels. In terms

. : . : . ical given recent demands for long-haul WDM systems with
of realizing terminal equipment, increasing the number

. . . - . DH data rates of 10 Gb/s or more [2], [4].
channels seems easier than increasing the signal bit rate. ThisTg _. o : . . . . .
, . . . . sing transmission fibers with opposite dispersion signs
because increasing the signal bit rate requires the developmen : : .
. SN : : 1S one approach to reduce third-order dispersion [5]. Indeed,
of higher speed electronic circuits and optical devices, while - )
) : . . simply combining such fibers that have exactly the same
increasing the number of channels can be achieved by 5|mP

e ) - . Vel of dispersion could reduce third-order dispersion and
modifying the optical circuits. Therefore, the number 0fS|gn?(rfansmit aIIpWDM signals without dispersion co%pensation
channels is rapidly growing in WDM systems [1].

ver a few hundred kilometers [6]. However, such a primitive

The number of signal channels depends on the availaQle. L . .
configuration is ineffective for long-haul transmission systems

optical passband width of the system as well as the channe L .
. ) . . . With transoceanic distances, because they suffer from intense
spacing, so that increasing the available optical passband w%}h
a

is essential for increasing the transmission capacity of WD er nonlinear effects and critically depend on dispersion

systems. This is mainly determined by the optical fiber char—loc'?Itlon [2]. . . .
This paper proposes a dispersion management technique

suitable for long-haul WDM systems that covers both second-

Manuscript received January 4, 2000; revised May 30, 2000. and third-order dispersion characteristics of the system and
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238-0847, Japan. suppresses both waveform distortion and interchannel inter-
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Fig. 1. Proposed second- and third-order fiber dispersion management scheme that uses positive-dispersion fibers (PDFs) and negatifibedtis (e Bit).

management scheme is described in Section Il. Section ddmpensated by a set of positive-dispersion fibers inserted at
investigates single-channel transmission performance wihpredetermined dispersion compensation interlial, As a
reference to pulse format, nonreturn-to zero (NRZ) anésult, the second-order dispersion value in the unit dispersion
return-to zero (RZ). It is experimentally shown that such management spar,, is forced to zero. This is because the
dispersion managed transmission line has a unique RZ sigaatrage value should be small to avoid the waveform distortion
transmission characteristic that is unlike that seen with lineeaused by the interaction between SPM and dispersion.

pulse propagation. Section IV describes experimental resultdf I, is composed of\f spans of sets of PDF and NDF, and
on interchannel interaction due to fiber nonlinearity in ththe length of PDF for dispersion compensation is giverLhy
dispersion managed transmission line. These results, togetthen the second-order dispersion value of the unit dispersion
with wideband optical gain equalization and reduction in thircthanagement span is expressed by the following relationship:
order dispersion to one-tenth that of the conventional value,

realize WDM transmission of 25 channel 10 Gb/s signals over

9288 km as is shown in Section V. Dy — Dyp(M Ly + Ly,) + M D Ly,
= I _

1)

Il. HIGH ORDER FIBER DISPERSIONMANAGEMENT SCHEME ~ On the other hand, the second-order dispersion value before

The proposed dispersion arrangement, which considers bgﬂ]mpensatlon Is given by

the second- and third-order dispersion characteristics, is illus-
trated in Fig. 1. Each repeater span basically consists of two | M(D3pLy+ DanLy)  DapLy + Dapln
kinds of fibers; one has positive second- and third-order dis- D2s = R = pr L

persion values [positive-dispersion fiber (PDF)] and the other Ls P "

has negative values [negative-dispersion fiber (NDF)]. Both thghich would typically be minus a few ps/nm/km for effective
second- and third-order dispersion characteristics of the systefippression of interchannel interaction. Such a combination of
should be simultaneously managed to realize transoceanic @gyrs and NDFs must simultaneously reduce the third order dis-
tance transmission. ersion to the greatest possible extent. Our approach is not to
For second order dispersion control, we arrange the PDF (digake the third order dispersion zero in each repeater span (i.e.,
persion value isD,,,, length isL,) and NDF @2, and Ln) [, D, + L, Ds, # 0) but zero over the unit dispersion man-
so that the subtotal of their product in each repeater span, igyement spary,., due to the need to achieve the second-order

Ly Dap + Ln Doy, is not zero but remains a constant value. Thigispersion management above mentioned. The total third-order
is because the local second-order dispersion value should bg@gersion value of the spdn, is given by

large as possible to reduce the interchannel interaction cause
by fiber nonlinearity as is the case in the conventional scheme.
The second-order dispersion accumulated over several D3, (ML, + L;,) + MDs, L,
repeater spans (the sum total of edgiD,, + L, D2,,) is then Dss = Ls : ©)

)
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Provided thatD,, equals zero, we can obtain the following

simple expression fabs,, 1'0:' oTrT T T
D3p D3n i
Do — Dy, Dy,  R,-R, @ . 0.5:
35 =71 T~ 1 1 f
D2y,  Day D2y, Dy \"? Op-------mm-m-- : 7
whereR,, and R,, mean the ratio of third- to second-order dis- < i ?:g\;
persion values for PDFs and NDFs, respectively. Equation (4) 0.5 I 0.5
suggests that the third-order dispersion value over the entire r |
system is mainly determined by the miss-match betwégand Y] E T
R,, of both kinds of fiber. -0 0.5 1.0 1.5 2.0
Fig. 2 shows the calculation result for the third-order dis- R /R
n/"tp

persion value of the unit dispersion management span normal-

ized by that of the PDHD3, /D4, against the dispersion miss-

match factor,R,, /R, with different values ofD,,, /D,,. We  Fig. 2. Third-order dispersion value of the entire transmission line normalized
can see that the absolute valuelof, /Dy, linearly increases ¥ 3% & e 20 P/ ) 1o e B e e ropersion
asR,/R,. deviates from one, and that its behavior depends @ffios between PDF and NDB,,, /D5,) of 0.5, 1, and 2.

Dy, /D3, For example D3, can be reduced to 1/10 @3, if

R, /R, ranges between 0.8-1.2 for the cdsg, /D), = 1. nonlinear coefficient is 3.% 10~2°m?/W. If PDF has the ef-

_ Inour experiment, the PDFs used were so-called single-madli e core area of 66m? and the second-order dispersion of
fibers. The NDFs were designed to match the PDFs in each e ps/nm/km \/m becomes 357 km when path-av-
peater span in terms of second- and third-order dispersion, ?éged signal peakppowepr is 0.7 mW. On the other hand, for
like the conventional dispersion compensation fibers (DCF DF, vLpan L is 258 km, given the effective core area is
We located the PDF ahead of the NDF in each repeater sparﬁoumzy second-order dispersion is 27 ps/nm/km, and path-av-

reduce the fiber nonlinear effects because the PDF has a 'a@%rged signal peak power is 0.25 mW. With RZ signal pulses

mode-field diameter, typically 9-1fm, than the NDF. We also y,qq6 |engths are simply reduced by a factor/&f because

note that its mode field diameter is larger than that of typiC@ley have half the pulse width of NRZ signal pulses and twice

conventional dispersion-shifted fibers (DSFs). the signal peak power if the average optical power is the same.
The effect of fiber nonlinearity and dispersion is generally del'hese results suggest that we can configure each repeater span,

scri_bed by using the "characteristic Iength"_[3]. Waveform diSt'y ical length of which ranges less than several tens of km, with
tortion caused by SPM and second-order dispersion dependsd t of PDE and NDE

the product of nonlinear length and dispersion length [7], [8]. To If we assume the channel spacing is 0.8 nm &hg is —2

suppress significant waveform distortion, the lengths of pOSit%ps/nm/km Ly is calculated to be 37.5 km for NRZ pulses:
and negative fibers,, andL,, should satisfy the following re- o a1ue is halved for RZ pulses. Provided that each repeater

lationship: spacing consists of PDF and NDF (each 20 km long) in addition
to the above parameterg,L 5, L v 7 equals 998 km. These re-
L, <\/Lpo,Lnr, 5 . D2s™NLs . ;
" Py ©) sults allow us to realize the proposed dispersion managed span
L, <v/LpopLnrn (6) with realistic parameters.
whereL py andL v, are dispersion length and nonlinearlength ||| gNGLE-CHANNEL TRANSMISSION EXPERIMENT

for either kind of fiber, respectively. ) o
To reduce the interchannel interaction due to XPM effec- We measured the single-channel transmission performance of

tively, dispersion compensation intervdl, should be suffi- @ dispersion managed line. The experimental configuration of
ciently longer than the walk-off lengthy-, which is determined the recirculating loop setup is shown in Fig. 3. In the transmitter,

by the signal pulse width, channel spacing, and second-ord@éy Intensity-modulator generated — 1 pattern NRZ or RZ

the square root of the product of nonlinear length and dispérduty ratio of 50%. . . .
sion length as is true fok, and L,,. These relationships are The 362-km length loop consisted of erbium-doped optical

expressed as amplifiers (EDFAs), each pumped by a 980 nm laser, transmis-
sion fibers, and an optical filter to manage the optical ampli-
Ly <lLs<,/ Lo Lyi.- (7) fiers’ passband. The typical repeater span length between the

EDFAs was 40 km (20 km of which consisted of PDF). The typ-
Using (1)—(7), yields the fiber arrangement in a higher-ordé@al second- and third-order dispersion values of the PDFs were
dispersion management transmission line. +17 ps/nm/km and 0.06 ps/rfifkm, respectively. The values
In what follows, we calculate these lengths for a system withf the NDFs were—27 ps/nm/km and-0.06 ps/nm/km, re-
typical parameters; the signal has a Gaussian pulse shape sftbctively. We arranged the fibers so that the average of their
a full-width at half-maximum (FWHM) of 100 ps (NRZ), fiber second-order dispersion values ranged arcaBg¢gs/nm/km in
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Fig. 3. Experimental setup for single-channel transmission.

each repeater span. The accumulation of this second-order dis

persion was offset to zero using a set of PDFs. We placed the S0 402
PDF ahead of the negative one in each repeater span since th g
former had a larger mode-field diameter (9.2 mm) than the latter g_ 0.1 —\E
(5.7 mm). > £
The output power from each EDFA was set to aroufgl 2 0 &
dBm. The power of the recirculating signal was tapped and one o s
. . X . =] 7]
of signal channels was selected by an optical filter with a band- & 5
width of 0.4 nm, for detection by the optical receiver. The DCF ~ © 0.1 §
ahead of the receiver was used to compensate the accumulate
second-order dispersion for each signal channel caused by thi N AR I 1
residual third-order dispersion that could not be canceled in the 1540 1545 1550 1555 1560
loop. Wavelength(nm)

Fig. 4 shows the relative group delay and dispersion char-
acteristics measured for the entire 362-km loop length. We fifi@h. 4. Measured group delay and dispersion characteristics for 362 km
that the third-order dispersion was successfully reduced to 0.G{Ifler-fiber chain.
ps/nnt/km at the measured wavelength range, about 1/6 that of

a typical DSF, while second-order dispersion was set to zero at 35 ¢
1545.8 nm. i
We measured the single-channel transmission performance @ 30 F
of the NRZ and RZ pulse formats at the ZDW. Fig. 5 shows et [
the electrical signal-to-noise ratio (SNR) against transmission z2 [
distance. The electrical SNR is related to the so-callepa- E =
rameter in that it is four times of th@? value [9], [10]. It £
was estimated by measuring the bit error rate while sweeping o o20fF
the decision threshold level of the receiver [11]. We find that
the electrical SNR is, basically, inversely proportional to dis- 15 ——
tance, that is, according to the amplifier noise accumulation, 1000 5000 10000
for both formats; the saturation arising in the relatively large Distance (km)

SNR region was suppressed for the pattern length used. We

note that RZ pulses yield larger SNR than NRZ pulses for tt@. 5. Electrical SNR versus distance measured for single- channel NRZ and
distances examined. This is because RZ pulses have larfgefansmission.

signal peak power, and so have larger eye opening than NRZ

pulses for the same optical amplifier output power. More&somes more significant in a dispersion managed line wherein
over, RZ pulses offer the advantage of waveform indepethe interaction between SPM and GVD might periodically
dence from the signal pattern, unlike NRZ pulses. This beempress and stretch the pulse; SPM induces chirping only
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Fig. 6. (a), (c) Signal waveforms for NRZ and (b), (d) RZ formats measurefter 9050 km transmission versus wavelength offset from the average ZDW,;
with electrical bandwidth of more than 20 GHz; before transmission (a), (B)andwidth was measured with a resolution of 0.1 nm.
after 2172 km transmission (c), (d).

at the leading and falling edges of the signal pulses, while IV. INTERCHANNEL INTERACTION
the NRZ pulse waveform depends on the bit pattern. Fig. 6We measured the interchannel interaction between
shows the waveform evolution for NRZ and RZ pulse fortwo-channel WDM signals with different channel spac-
mats; these were measured with the electrical bandwidth in§s and polarization coupling states in the dispersion managed
more than 20 GHz (unlike baseband width). We note that Rine. Experimental set-up was the same as Fig. 3 except for the
pulses were compressed, which reduced the duty ratio, whilansmitter configuration. The two wavelength signals were
NRZ pulses were simply degraded during propagation.  separately intensity-modulated with 10 Gh/s RZ format and
The following investigations consider RZ signal transmissiotoupled with their polarization states parallel or orthogonal to
characteristics when the signal wavelength deviates from thach other. The wavelength of the measured signal channel was
zero-dispersion wavelength (ZDW), i.e., for a change in the aset at 1549.3 nm, while ZDW was 1545.8 nm. The channel
erage dispersion value of the entire transmission line. For sitgpacing between the measured signal channel and the interfer-
tions in which the signal wavelength deviation exceeded the ggice channel was shifted by sweeping the wavelength of the
tical passband-width of the EDFAs, we modified the dispersidanable laser. The EDFA output power was set so that each
allocation slightly in addition to changing the absolute signaignal channel power was3 dBm. In front of the receiver, an
wavelength. Fig. 7 shows the electrical SNR and optical banatical filter that could suppress the interchannel crosstalk to
width of the signal pulse measured after transmission. The dpss than-20 dB for the wavelength separation of 0.3 nm was
tical bandwidth was measured with a resolution of 0.1 nm. Wesed to isolate one of the signal channels.
found that the dependence of the SNR on the separation frontig. 8 shows the optical spectra measured after 9050 km
the ZDW is not symmetrical but asymmetrical. Larger SNR wasansmission for the wavelength spacings of 0.4 nm and 1.2 nm
achieved in the anomalous dispersion region, in terms of the ahen the polarization state between the signal channels was in
erage characteristic over the transmission line. No significgoérallel. No significant generation of FWM lights was observed
SNR degradation was observed for wavelength separationdafthe channel spacing of 1.2 nm and even for 0.4 nm. The
up to 13 nm. reason for this is considered to be that the local GVD values
Such a dependency suggests that the pulses transit the trah$2DFs and NDFs are relatively large compared to those of
mission line not as linear pulses but are significantly affectembnventional DSF such that effective FWM interaction during
by fiber nonlinearity. We consider that the periodic dispersigoropagation did not occur even though the channel spacing was
fluctuation and SPM compress the RZ pulses such that thegrrow and parallel polarization coupling was used.
exhibit soliton-like behavior. Moreover, the pulse broadening Fig. 9 shows the electrical SNR measured as a function of
was reduced as the signal wavelength diverged from the ZDsWannel spacing. The SNR remained basically constant if the
in the anomalous dispersion region; SPM does not necessaciyannel spacing was wider than 0.4 nm, when the signals had
broaden the optical spectrum in such a condition. The 3 dBthogonal polarization states. In contrast, channel spacings nar-
and 10 dB optical bandwidths changed from 0.41 to 0.16 nrower than 0.8 nm gave rise to a decrease in SNR with parallel
and 0.68 to 0.31 nm in the measured wavelength range, respamlarization coupling. This difference in SNR behavior might
tively. We note that this narrow optical spectrum is satisfactobe due to the effect of XPM, which significantly depends on
in WDM systems, because it well suppresses the interchantie polarization states between the multiplexed signal channels
crosstalk experienced during optical filtering in front of the ref3]. Fig. 10(a) and (b) shows the waveforms measured with the
ceiver. Consequently, the above results indicate that setting madsannel spacing of 0.3 nm for each polarization coupling state.
signal wavelengths longer than ZDW yields the best transmi&/e note that intense waveform degradation arose when parallel
sion performance in such a dispersion managed line. polarization coupling was employed, unlike orthogonal polar-
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Fig. 8. Optical spectra with channel spacing of (a) 0.4 nm and (b) 1.2 nm for
two-channel WDM transmission.

with duty ratio of 50%, and the signal pulses in each path were

sinusoidally chirped by a phase modulator driven at clock fre-

25 i T " T " T " quency [12]. They were coupled with their polarization states

I orthogonal to each other to reduce fiber-nonlinearity-induced
interchannel interaction, mainly XPM, as was suggested by the

results in Section IV. Fig. 12 shows the optical spectrum of the

transmitter output. The optical power levels of the signal chan-
nels showed less than 0.5 dB deviation and no intentional preem-
phasis was employed. This is because excessive optical signal

power level variation might lead to optical SNR degradation

Measured

Electrical SNR (dB)
N
o

[ . S<—hlfie>d 1 during propagation. The EDFA output power was set at around
| O :parallel | 12 dBm. The ZDW, averaged over the entire loop, was set at

| @ : orthogonal SEECEE 1541.8 nm taking the results in Section Il into account.
15 L L L L L L L In addition to the fiber dispersion characteristics, the gain
-2 -1 0 1 2 bandwidth of the optical amplifier cascade should be precisely
Channel Spacing (nm) managed to achieve the optical passband required for WDM

transmission. We widened the gain bandwidth by combining
Fig. 9. Measured electrical SNR versus channel spacing for two-chan&&@veral optical equalizers that offered Mach—Zehnder interfer-
WDM transmission coupled with parallel and orthogonal polarization states.ometer type response with different free spectral ranges (FSRs)
and depths as shown in Fig. 13. The equalizer cascades realized
the exact inverse of the response of the EDFA cascades in the
op.
Fig. 14 shows the measured group delay and the optical spec-
after 9288 km propagation. To cover the wide wavelength

o : N lo
ization coupling. In contrast, no significant waveform degrada-
tion was observed for either polarization coupling state when the

channel spacing was increased to 1.2 nm as shown in Fig. 1 o . .
and (d). This indicates that XPM was ineffective in terms of crdange of 16.8 nm for WDM transmission, the third order disper-
on value was further reduced to 0.0067 ps7tkm, one-tenth

ating signal interaction without regard to polarization cou I|n§_I . : o .
gsig g P P e value typical of conventional DSF, by adjusting the disper-

state given wide channel spacing. sion values of the PDFs and NDFs; the loop length was changed
to 387 km. The synthesized equalizers successfully widened
the available optical passband width to transmit all the signal
WDM transmission was established using the experimentaavelengths and the signal level difference between the chan-
set-up shown in Fig. 11. Twenty-five lasers generated sigrmals was held to under 5 dB. The slight variation in the signal
wavelengths ranging from 1541.6 to 1558.4 nm with 0.7 niavel, the period is of the order of several nm, originates from
spacing. Even and odd number channels were separately inthe-fact that gain equalizers can flatten the gain profile only for
sity-modulated with 10 Gb/€7 — 1 pattern RZ pulse format periods longer than their FSRs. As expected from the result in

V. QUARTER Th/s WDM TRANSMISSION EXPERIMENT
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Section lll, significant spectral broadening was observed at the —————

signal channels near the ZDW but not in the longer wavelengths.

Fig. 15 plots the electrical SNR measured in each data = s g
channel after 9288 km transmission. All data channels offered % 0.0067ps/nm’/krm @
SNRs above 21.6 dB (BER:1 x 10~?). We also note that S -+ <
there was no significant SNR degradation in the signal channels i 1 2
far from the zero-dispersion wavelength due to the proposed & é
second- and third-order dispersion management technique. ° 8

3 a
o
5 | @]
VI. CONCLUSION e L : -
. . _ 1540 1550 1560
We have proposed a dispersion management technique for Wavelength (nm)

long-haul WDM transmission systems that reduces third-order
dispersion with managing second-order dispersion to suppress

. . . . . 19. 14. Dispersion characteristics of the transmission line and the optical
the SPM-induced waveform distortion and interchannel mteragﬁéctrum of 2he 25x 10 Gb/s WDM signal measured after 9288 Em

tion due to FWM and XPM. Its design method was describagnsmission.
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and experiments showed that the third-order dispersion averfd] Y. Yamamoto, “'"Noise and error rate performance of semiconductor
i _ laser amplifiers in PCM-IM optical transmission systemEEE J.
aged over th_e entire systgm could be reduced to f_;\bout one tenth QuantumpElectron.vol. QE_167Fr’]0_ 10, pp. 1073_1083/17 1080,
that of a typical DSF, while local second-order dispersion Wa$10] M. Murakami, T. Takahashi, M. Aoyama, T. Imai, M. Amemiya, M.
held to minus a few ps/nm/km. Sumida, and M. Aiki, “System performance evaluation of the FSA sub-
A single-channel transmission experiment showed that the ?Gag;”ezggfcageimfgggr system,]. Lightwave Technolvol. 14, pp.
RZ format is superior to the NRZ format in the dispersion Manq11] N. S. Bergano, F. W. Kerfoot, and C. R. Davidson, “Margin measure-
agement line. Optimum RZ signal transmission performance  ments in optical amplifier systemsEEE Photon. Technol. Leftvol. 5,
i i i i i i no. 3, pp. 948-951, 1991.
was achieved in the anomalous_d|s_pers_|on region (|_n terms of t 2 M Muﬁgkami‘ H Maeda, T. Takahashi, N. Ohkawa, and T. Imai,
average value over the transmission line), wherein large SN “Transoceanic twelve 10 Gb/s WDM signal transmission experiment
values and narrow spectral bandwidths were achieved over a with individual dispersion and gain compensation and prechirped RZ

wide wavelength range; to some extent this result might be duE . ?”';Z{gﬂg:tﬁ'e&tﬂ?gk;‘;ﬁﬁ \;?1'63?’ {:r?éizs“éa% (231;};;(2;4166 g’é’;-)

t(_) the effect Of_non"nearity in sgpporting Rz _signal t_rans_mis' WDM transmission over 8514 km using broadband gain equalization
sion. We also investigated the interchannel interaction in the  technique for transoceanic systemr&lgctron. Lett, vol. 35, no. 13, pp.

transmission line. It was shown that FWM interaction was suf- ~ 1090-1091, 1999.
ficiently small due to large local GVD value in the PDFs and

NDFs. XPM was effectively reduced by coupling the signal
channels with their polarization states orthogonal to each other.

These results and gain equalization of over 16.8 nm allowed MSviurakami
to achieve 25 channel 10 Gb/s WDM transmission over 928&n.

km. The proposed technique is superior to conventional disper-

sion management in terms of performance and offers the pos-

sibility of further increases in transmission-capacity simply by
increasing the optical amplifier bandwidth [13].

, photograph and biography not available at the time of publica-

T. Matsuda, photograph and biography not available at the time of publication.
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