Performance evaluation of a compact 10-GHz pulse compressor based on a
highly nonlinear Bismuth-Oxidefibre
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There are a variety of mode-locked lasers suitdble telecommunications applications capable of gatieg
picosecond-long pulses at high repetition ratethcbigh the direct generation of even shorter pudsessich high rates
is possible it is generally considered far easteccampress the pulses of mode-locked lasers whespisosecond
pulses are required. However, this can lead tolenab in terms of pulse synchronisation and stgbdg km scale
lengths of dispersion shifted or highly nonlinedica fibre are typically needed. In this paperpalse compressor
operating at 10GHz is realized using just 2 mebéi® connectorized Bismuth-Oxide highly-nonlineibré (Bi-HNLF).
We further present the complete phase and intenbiyacterisation of the compressed pulses usiimgear form of
Frequency-Resolved Optical Gating (L-FROG) [1] lohse a commercially available lithium niobate medat.

The Bi-HNLF has an ultra-high nonlinearifyof 1100 W*m™ and a normal dispersion of —252ps/nm/km at
1550nm. Its extreme nonlinearity allows significapectral broadening to be achieved at reasonahterpevels even
at high pulse repetition rates. At the same tirthe,rformal dispersion of the fibre leads to the ftiom of pulses with a
linear chirp profile, which can easily be compressy propagation through an appropriate length rainzalously
dispersive fibre. In our experiments we amplifi@GHz, 2ps sechpulses to ~25dBm and launched them into the Bi-
HNLF. The pulse spectrum at the output of the fitm@&s then broadened to ~35nm at the 20dB levekdrimpulse
compression was then performed in 31m of SMF. Waradterised the compressed pulses using L-FROGewther
gating was performed either using an electro-absorpnodulator (EAM) [1] or a LiNb@ Mach-Zehnder modulator
(MZM). L-FROG has the advantage of a higher serigjtias compared to the more conventional secomhbiaic
generation FROG, however the pulse widths thathmameliably characterised are typically limited thy duration of
the optical gate, or more crucially by the optibahdwidth of the gating devices. This is clearlgwh in Fig.1a, which
compares the directly measured spectrum on anabectrum analyser to the retrieved spectrumirgdadaboth with
EAM- and MZM-based L-FROG. The wavelength cut-dftfte semiconductor EAM prohibits sampling of wasreith
components below ~1540 nm, thus making this dewiadequate for characterizing broadband pulses.rétieved
spectrum obtained from the MZM-based L-FROG measarg on the other hand, matches well the directasared
spectrum, owing to the much broader optical banthwad this modulator. The retrieved temporal pudeape and chirp
profile obtained from this measurement was comp#watimerical simulations based on the split-steprier method,
and good agreement was obtained (see Fig.1(b)h Beasurement and simulations indicated a pulsthwid~400fs,
and a minimal chirp across the pulse, indicatirzg thaximum pulse compression was achieved.
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Fig. 1 (a) Directly measured and retrieved spectra ofctirapressed pulses after the Bi-HNLF, (b) Pulseslt{aolid
lines) and chirp profile (dashed lines) compariatween numerical simulations (black lines) andiee¢d pulses
(grey lines) using MZM-based L-FROG.

In conclusion, we have demonstrated 5-fold pulsemression at 10GHz using a fully-fiberised set-agdal on a
2-metre long Bi-HNLF. The high nonlinearity and ldwo-photon absorption of the Bi-HNLF (as compatedther
compound glass fibres [2]) allows the use of highemp powers and therefore higher compression sratiobe
achieved. Complete characterisation of the compdesmilses with high-sensitivity is reported using laFROG
system based on commercial devices. These pulséseashortest ever to be characterised using L&RO
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