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Abstract A 160 Gb/s retiming scheme incorporating a switch. The SSFBG is used to shape the 160 Gbé dat
superstructured fibre Bragg grating for pulse shapis pulses into ~5 ps rectangular pulses [2]. Theselae
demonstrated. Retiming is performed in a single ste aligned in polarisation so as to be attenuatedhénkterr
without wavelength conversion, and a substantidl bi switch. A short clock pulse then rotates the pedion

error rate improvement is achieved. of the part of the rectangular data pulse that laper
. with the clock pulse, thereby allowing this part tbe
Introduction original data pulse to be transmitted through the

At high-speed serial data rates, timing jitter baes a polariser. This configuration ensures that the cvat
serious detrimental factor. Timing jitter of datalges retimed pulse maintains its original wavelengtingcsi it
should in general be less than about 5% of the highis actually part of the original data pulse. Ttstd say,
repetition rate timeslot, but at bit rates of 160itG the retimed pulses arearved outby the short clock
(timeslot: 6.25 ps) and above, it gets increasingly pulses, which have low timing jitter, and hencee th
difficult to find pulse sources that can fulfil e retimed data pulses adopt the low jitter of thecklo
requirements, in particular after transmission. réfere pulses. The clock pulse being narrower than the fla
retiming in a regenerator is a crucial functionafior topped signal generated by the SSFBG ensureshbat t
high-speed systems. Most optical regenerator schemeswitching is insensitive to mistiming in the daignsl.

also imply wavelength conversion, though it is nfte For the data signal, a 10 GHz semiconductor tueeabl
desirable to maintain the wavelength, without extra mode-locked laser (TMLL) is used — the wavelength i
wavelength conversion [1]. set to 1557 nm, the FWHM pulse width is 1.8 ps tned

In this paper, we demonstrate a 160 Gb/s pulsmirgdi rms timing jitter is ~410 fs. These pulses are data
scheme, which maintains the original wavelength andmodulated (MOD) with a 21 PRBS and subsequently
retimes the data in a single step. The retimingese multiplexed in a PRBS and polarisation maintaining
contains a polarisation-insensitive superstructufilece fibre-based pulse-interleaving multiplexer (MUX)h&
Bragg grating (SSFBG) [2, 3] with a sinc-shapeddfar data is amplified, injected into the SSFBG genatpthe
function, to shape the incoming data pulses into rectangular pulses and, through a polarisationrothet
rectangular pulses, and a polarisation-rotating rKer (PC), aligned at 90° to the Kerr switch polariser.

switch based on 200 m highly non-linear fibre (HYLF For the clock pulses, an Erbium-glass mode-lockedrl
Using this scheme, a 160 Gb/s data signal withresre  (ERGO) with low rms timing jitter (~210 fs) is used
floor limited by rms timing jitter, is successfuligtimed the wavelength is 1544 nm and the FWHM is 1.3 ps

to become error free. when linearly compressed in dispersion compensating
fibre (DCF). The pulses are synchronised to thea dat
Experimental procedure pulses via the same synthesiser in this back-t&-bat
The experimental set-up is shown in Figure 1. up, and are multiplexed in an additional fibre-lthse
polarisation maintaining multiplexer. The 160 GHean
jow-jitter ciock puises 160GHz | 1544 H“l“ pulse train is amplified and filtered and its state

polarisation is aligned at 45° to the Kerr switdigpiser.
The Kerr switch contains a 200 m HNLF with dispensi

PC

[eroo b Tox >—#

@meHz SS-FBG slope ~ 0.017 ps/rikm, zero dispersion at 1551 nm,

1 PC_1557 and non-linear coefficient of ~ 10.5 W*km™. These
Lt = Moo H mux [>1606b/s o fibre properties ensure negligible pulse-to-pulsdkvoff
transmitter M_A_AA. ””_l-l_””. prop g1 P P

and pulse broadening.

T HNLE The 160 Gb/s retimed data pulses have adopteddble ¢

=8 NOLM_demjf:: m JLLAL | R FWHM and jitter (i.e. ~1.2 ps and ~250 fs, respestfj).
160 Gbls (100 m) In order to perform BER characterisation, the retim

retimed Kerr switch data signal is demultiplexed to 10 Gb/s in a noedr

Figure 1. 160 Gb/s retiming set-up. optical loop mirror (NOLM) demultiplexer with a 50

HNLF (slope 0.018 ps/nfkm, zero dispersion
The heart of the set-up is the SSFBG and the Kerrwavelength at 1554 ng,~ 10.5 W'km'™).
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Experimental results
Figure 2 shows the response of the SSFBG to that inp
pulse from the TMLL — in this case at 10 GHz.
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Figure 2. Grating characteristics. Input pulse FWHM..8 ps.
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The input spectral FWHM is ~2 nm, and the output
spectrum is clearly sinc-like. Note that the slighectral
asymmetry originates from a corresponding slight
asymmetry in the SSFBG spectrasponseThe FWHM

of the measured temporal pulse is ~5.7 ps, thobgh t
flanks are not as steep as expected (due to theedim
width of the input spectrum). The temporal width is
measured with a cross-correlator with a 600 fs $iagp
pulse, so the de-convoluted trace has slightlypstee
flanks. The flat top of the pulse extends over 2wisich

is enough to eliminate most of the ~410 fs rms rgni
jitter of the data pulses.
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Figure 3. Switching results. Top: Input to Kerr i — sinc’ed
data pulses with ~5.7 ps FWHM and ~2 ps flat-tap] alock
pulses with ~1.3 ps FWHM. Bottom: Output of Keritcly i.e.
retimed data — FWHM ~1.2 ps, and timing jitter ~Z80

Figure 3 shows results before and after the retimin
system at 160 Gb/s. The input to the Kerr switch.&
ps clock pulses and 5.7 ps rectangular data puldes.

drastically reduced to ~250 fs (as measured at d8)G
Accordingly, the sampled data pulses have a broader
spectrum but are still centred on the original iength.
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Figure 4. BER characteristics of all 16 channels.

Figure 4 shows the BER characteristics with anthauit
retiming. All 16 channels are successfully retinzedl
error free operation is achieved for all of therhisTis in
sharp contrast to the case when retiming is noliepp
in that case, the 410 fs rms jitter creates a segermor
floor for all channels, and a BER of 1E-6 is thatitbat
can be obtained (at the maximum receiver power, -20
dBm). This clearly reveals the benefit of the retim
Among the retimed channels with an average seitgitiv
of -27 dBm, there is a 5 dB sensitivity spread, alihis
due to uneven multiplexed pulses in the data aadkcl
arms, and to polarisation drifts in the used Kavitch.

Conclusions

We have presented a retiming scheme and succgssfull
demonstrated its use in a full 160 Gb/s experim€hée
technique relies on linear pulse shaping in a SSEB&G
subsequent sampling in a HNLF-based Kerr switcle Th
clock pulses used to gate the Kerr switch have low
timing jitter, and this is adopted by the data aigmthus
rendering the data signal error free, somethingckvhi
was not possible without the retiming.
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