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Transmission of 7 ps RZ data over 141 km of installed standard fibre
using an all-fibre polarisation-independent phase conjugator
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Abstract- We demonstrate MSSI transmission of 7 ps RZ
data over 141 km of installed standard fibre using a novel
polarisation-independent  all-fiore phase conjugator
pumped by orthogonally polarised fibre DFB lasers. A
system noise performance is analysed and noise
suppressing fibre grating is incorporated to improve
conjugator performance considerably. With this new
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Midspan spectral inversion (MSSI) is one of a few promising eye diagram (span2)

measurement
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dispersion compensation techniques to upgrade the installed
fibre base. A practical spectral inverter or phase conjugator scope
has to be insensitive to signal polarisation. Amongst various[tocbs -clock [o== """ o0u
polarisation independent schemes, four-wave mixing (FWM) Lsstecior |£|°'°°k recovery
using dual orthogonal pumping scheme [1] is one of the most e
promising ca_ndldates. Recently we have d(_emonstra_ted Sl.JCht% suppress ASE noise at the conjugate wavelength and hence
polarisation independent scheme in an all-fibre configuration,

whereby two single polarisation fibre DFB lasers are cascadedrigure 1. Experimental setup of 141 km MSSI transmission using

with orthogonal polarisations to serve as FWM pumps [2]. & polarisation independent, all-fibre phase conjugator.

This simple configuration has also been applied to high bit-improve the optical signal-to-noise ratio (SNR) [4]. A 440 m
rate phase conjugation or wavelength conversion in thgength of highly-nonlinear dispersion-shifted fibre (HNL-DSF)
laboratory [3]. In this paper, we demonstrate an MSSlis ysed as a FWM media giving a flat conversion bandwidth of
transmission system operating over 141 km of installeds 20 nm [5]. By monitoring the output spectrum from the
standard non-dispersion-shifted fibre (NDSF) using this novelqNL-DSF, the polarisation states of the two single
all-fibre conjugator. A noise suppressing fibre grating is polarisation fibre DFB lasers are orthogonally aligned by
|nc_orporated to_ give superior performance. \_Ne_ an_alyse th‘i‘ninimising the pump-pump mixing products using a
noise characteristics of such system and quantify its limits.  polarisation controller (PC) [2, 3]. The conjugated output is
Experiments and Results filtered and launched into a second 71.6 km span of installed

Fig. 1 shows the experimental setup. The pulse source is afPre. At the receiver end, the conjugated signal is amplified
actively mode-locked fibre ring laser operating at 10 GHz andnd filtered before it is optically detected in a photodiode.

producing 7 ps pulses with a spectral width of 0.6 nm. AAn autocorrelator is used to study the received pulse width.
Mach-Zehndetithium niobate (LiNbQ) external modulator, e achieve a full recovery of the 7 ps pulse width with an

. . . additional 1.6 km of offset fibre inserted at the second span.
driven by a 10 Gbit/s pattern generato%s(-?l PRBS), is useq The eye-opening at 40 Gbit/s is wide and clear, indicating the
to generate the RZ data signal. Optionally, a x4 optical

multiplexer is inserted to give 40 Gbit/s interleaved OTDM feasibility of the system at ultra-high bitrate operation (Fig. 2).

signal. The signal is amplified and launched into a first 70 km
span of standard installed fibre (NDSF, D = 17 pskmat

1550 nm). The phase conjugator is an all-fibre polarisation
independent device employing two in-line fibore DFB lasers ask
FWM pumps which have orthogonal polarisations and 1.3 n
wavelength separation [2, 3]. A high power EDFA is used to|
amplify the pumps and the data signal, injected through the
cascaded fibre DFBs, to a high power level of 21.6 dBm before
they are launched into the nonlinear fibre. A hole burning
grating (HBG), with >20 dB of suppression over 0.6 nm

bandwidth, is inserted at the output of the high-power EDFA

EDFA

Figure 2 Eye diagram at 40 Gbit/s.
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Figure 3 The BER characteristics of the MSSI transmission at Figure 4 Signal and noise conversion characteristics of a
extreme cases of signal SOPs with and without HBG. Insets show FWM process employing orthogonally polarised pumps.

the received 10 Gbits eye diagrams of the case with HBG. this case is found to be 3 dB higher than that of the single

The 10 Gbit/s bit-error-rate (BER) performance of idé km  pump caséNc=nNs. In order to suppress the ditshal noise
MSSI transmission is shown in Fig. 3, with the signal penalty in a dual-pump setup, the ASE noise at both side of
polarisation state set to the two extreme cases, co-polarisethe signal can be filtered, either by a narromdyass ifter

with each pump. The system has negligible polarisationcentred at the signal wavelength or by using notch filters (e.g.
dependency with and without the noise suppressing HBGHBG) to suppress ASE noise at those wavelengths.

Insets of Fig. 3 (a) and (b) shows the received eye diagrams fo(r:onclusions

the two cases and indicate less than 10% amplitude change.

As shown in Fig. 3, without the HBG, the conjugate SuffersIn conclusion, we have demonstrated MSSI dispersion

increased ASE noise giving ~ 5 dB power penalty at a BER O]g:ompensateql transmission Of.7 ps R.Z data pulses over 141 I_<m
10° and evid f f When the HBG i of standard installed NDSF link using a novel polarisation
and evidence of an error floor. en the 'S insensitive all-fibre phase conjugator. With the incorporation
employed, the BER performance is greatly improved to' onIyOf an ASE noise suppressing fibre grating (HBG) in the
0.7 dB power penalty at ToBER and error-free operation conjugator, we have achieved a power penalty of only 0.7 dB
is easily achieved. at 10 Gbit/s with negligible polarisation sensitivity. We have
Noise Analysis also studied the noise limitations on such a phase conjugator

Although we have clearly demonstrated that, the insertion of &1d possible optimisations are proposed. The measured eye

HBG greatly improve conjugator noise performance, and havéliagrams at 40 Gbit/s show promising performance. In

analysed the noise characteristic of a single pump conjugatgtymmary, a practical phase conjugator has finally been

[4], FWM process employing two orthogonal pumps hasréalised in a real system test. This novel conjugator is highly

different noise characteristics. suitable for future deployment to upgrade installed standard

Consider an input signal S which participates in a FwmM fibre links.

process with two orthogonal pumpgdhd R, as shown in Fig.  Acknowledgements

4. Three conjugates at different wavelengths C,y and Gy The authors would like to thank Dr M. Onishi and Sumitomo

will be generated, of which the first two are polarisation Electric Industries, Ltd. for the provision of the HNL-DSF.

dependent components and the third is polarisationThis work is supported, in part, by the European Commission

independent. They can be viewed as being converted througthrough the ACTS projects ‘MIDAS’. The Optoelectronics

the mixing of two pump photons and a signal photon toResearch Centre is an EPSRC funded interdisciplinary

generate a conjugate photon. Depending on the origin of theesearch centre.

pump photon's,. thg conversion efficiengiq$ er.e denoted by References

the two participating pump photons, igg involves two [1] K. Inoue,J. Lightwave Technglvol. 12, no. 11, pp. 1916-1920,

pump photons from P nyy involves two pump photons from 1994,

Py andr]xy involves pump photons from both Bnd Py The [2] S Yamashita, S.Y. Se_t, and R.l. Laming, “A novel pgla}risa_tio_n

polarisation independent conjugate ig,.CAssuming a large :‘?bcipgr;‘ée?;spggs,,eai%glugator/ wavelength converter utilising inline
" . . , pted for presentationGptical Amplifiers

rejection spectral hole is burned at the conjugate wavelength to

. . . . S and Their Applications ‘98
suppress ASE noise before conjugation, the noise contributiofs] s. v. Set, S. Yamashita, M. Ibsen, R. I. Laming, D. Nesset, A. E.

at that wavelength can be written as (Fig. 4): Kelly and C. Gilbertas, “High bitrate operation of a novel optical
phase conjugator using inline fibore DFB lasers,” accepted for
Nc=n,, (Ns(X+ Ns[y) +n,,Nsk+n, NsC¥ presentation iECOC'98
n n [4] S.Y. Set, H. Geiger, R.l. Laming, M.J. Cole, and L. RedKEEE J.
whereasX and Y are unit vector co-polarised with, Bnd R Quantum Electronyol. 33, no. 10, pp. 1694-1698, 1997.

M. Onishi, T. Okuno, T. Kashiwada, S. Ishikawa, N. Akasaka, and

. iy . [5]
respectively. Additionally, with equal pump powers, the M. Nishimura, inProc. ECOC'97,vol. 2, pp. 115118, 1997

conversion  efficiencies are similar in  magnitude:
N=Nxy=Nx="Ny, and the conjugate noise expression can
therefore be further reduced WNc=2nNs. The ASE noise in



