Optical waveguide ampilifier in Nd-doped
glass written with near-IR femtosecond laser
pulses
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A near-IR (775nmy) fentosecond laser has been wsed to dircctly
write & lem long optical wavoguide in Nd-doped silicate glass. A
gain of 1.5dB/em was obtained at a signal wavelength of 1054nm
for ~346mW of 514nm pump power, in front of the input
coupling objective.

Introduction: Tt is well known that the propertics of gliss can be
changed by exposure to light. The discovery by Hill [1] of the pho-
tosensitivity of silica fibres at UV wavelengths and the extension
of this method by Meltz [2] to a direct-writing technique using a
holographic setup has had a major impact on guided wave device
development. The UV direct-write method has been used o write
gratings in planar waveguides and optical [ibres and even to
directly write waveguides in bulk glasses [3]. This method, how-
ever, has inherent limitations, In particular, many glasses are not
sutficiently sensitive to yield significant changes in refractive index
on exposure, and hence UV direct writing has been primarily used
for high-purity germanosilicate glasses. Also the UV photosensi-
tivity band is very close to the absorption edge of most plasses,
and thus the UV penctration depth is small. This fact has pre-
eluded the use of UV direct-write techniques to produce three-
dimensional structures in bulk glasses. Recently it has been demi-
onstrated that near-IR femtosccond laser pulses can be used to
induce localised refractive index increases in a wide variety of
glasses [4]. Thermally stable oplical waveguides were reported in
1997 by Miura et ol [5] in silicate, horosilicate, chalcogenide and
fluoride glasses. Also, more complex structures such as a Y-june-
tion splitter [6] and long period gratings [7] have been produced.

In this Letter we present for the first time, lo the best of our
knowledge, an active waveguide device directly wrilten using near-
TR femtosecond laser pulses. The device is a waveguide amplifter
in Nd-doped silicate glass.
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Experimental details: The material used in this study was a com-
mercially available Nd-doped silicate glass rod with a diameter of
0.5inches. We measured the absorption coefficient of the glass
using a spectrophotometer and we found a maximum value of
4.6cnr! at 806 nm. Using this value together with typical absorp-
tion cross-scctions for Nd-doped silicate glasses, we estimate the
Nd doping level to be ~2 x 102 jonfem?®, We also recorded the flu-
orescence spectrum, using an optical spectrum analyser, when the
bulk sample was pumped at a wavelength of §06nm. The peak
was in the vicinity of 1062nm.

For waveguide fabrication a femtosecond Tisapphire laser
operating at 775nm, with a pulsewidth of 15043, a 250z repeti-
tion rate, and a 4pJ pulse cnergy was used. The wavegnide was
written in a picce of glass vod of ~lcm length which had its ends
oplically polished. The laser beam had a l/e? intensity full-widih
ol 3.3mm x 3.9mm, and was focused with a lens of 15mm focal
length inside the sample. The locus was scanned at a rate of
25s along a direction paralle]l with the beam. A total of five
scans were made along the same path. After the writing was com-
pleted, the end faces of the sample were polished until the ends of

the waveguide reached the surface. The near-figld mode profile
was collected al 632.8nm using an unpolarised He-Ne laser and &
CCD array.

For gmplifict characterisation, gain measurements were per-
formed using an Ar ion pump laser as a source al 514nm and a
signal at 1054nm provided by a (ibre laser. We used a counter-
propagating geomelry (Fig 1) in which the pump beam is
launched in the waveguide by end-firing through one end and the
signal is alse end-fire coupled but through the other end. The
{aunched signal power levels were of the order of 300uW. The sig-
nal beam was chopped and the changes were recorded as the
pump beam was turned on and off for a few ditferent levels of
pump power.
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Resufts and discussion: An intensity contour plot of the near-field
mode profile at 632.8nm is shown in Fig. 2. Although this mode
profile s not single-lobed, we have also obtained singlemode pre-
files using slightly different writing conditions. Further characieri-
sation of thesc devices, including loss measurements and a thermal
stability study, is in progress.
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Fig. 3 Signal gain agaimst mput pump power

The data on the gain of the amplifier for a 1054nn signal are
presented in Fig. 3. The gain was measured as the ratio between
the signal power with the pump turned on and the signal power
with the pump turned off. The pump power was measured in frant
of the input coupling objective and preliminary estimates indicate
a coupling efficiency of 20-40%. To verily that the change in the
signal power is not due o some thermal effects, the experiment
was repeated using the 488nm line of the Ar ion pump laser. The
fact that no gain was observed, as cxpected, since Nd does not
huave a 488mm absorption band ruled out the influence of thermal
effects. Fluorescence data indicate that the emission cross-scction
at 1054nn1 is only half as large as that at the 1082nm peak. Thus
this device exhibits & gain of ~3dB/em for input pump power
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levels of ~350mW. This amount of gain should be sulficient to
support Jasing, provided that high reflectors are affixed to the
ends of the waveguide. Experiments for achieving lasing are in
progress.

Conclusions: We have optically written a lem long waveguide
amplifier in Nd-doped silicate glass using near-IR {773nm), 150fs,
250Hz repetition rate, 4uJ laser pulses. A gain of 1.3dB/em was
measured at [054mm when the device was pumped with ~350mW
4t 514nm,
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Generalised Viterbi algorithm for trellis
coded signals transmitted through
broadband wireless channels

R, Visoz, P, Tortelier and A. Berthet

A recelver structure iz proposed for (rellis coded signals
transmitted through broadbund wiveless channels based an the
generalised Viterbi algorittun (GVA). Simulation results show that
the proposed receiver structure is suitable for high bit rate wireless
applications - and  pives close to optimal performances with
reasonable complexity.

Introduction: The optimal way 10 decode trellis encoded signals
transmitted along intersymbol interference (ISI) channels is to use
the maximum likelihood (ML) ‘supertrellis’, a combination of ISI
and code trellises, the state complexity of which is the product of
both [1]. Unfortunately, for fiequency selective radio channels, the
muymber of states of the IST trellis increases exponentially with the
bit rate, which precludes this appreach for broadband wircless
radio interfuces. As a consequence, a lot of work has been done
en sub-oplimal receivers for trellis coded modulation (TCM) in
the presence of ISI [1 — 4], In [1], a sysiematic method is developed
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for lowering the state complexity of the supertrellis. An interesting
case arises when the receiver trellis is reduced Lo the code trellis
[1 — 4], the complexity of which does not depend on the bit rate.
The IST due to the channel is not taken into account in the trellis
states but in the edge meiric, as done in a classical decision feed-
back equaliser (DFE). 1t follows that such a reegiver, commonly
known as parallel decision feedback decoding (PDED), inherentiy
sufters {as does the DFE) from errer propagation, cspecially in the
case of non-minimum phase channels. Therefore, the PRFD
receiver requires pre-filtering to twn the channel into minimum
phase. This pre-filtering is cumbersome and increases the overall
receiver complexity. Besides, error propagation still remains.

In parullel, many efforls have been devoted Lo improve sub-
optimal equalisation techniques for broadband wireless channels.
Once again, the issue is the complexity of the ML 131 trellis, In
[3, 5] a method is proposed to reduce the ML ISI trellis. In [5, 6],
it is shown that the generalised Viterbi algorithm (GVA), which
retains more than one surviver per state, is a very efficient algo-
rithm for combatting error propagation.

The proposed receiver combines the PDFD algorithm wilh the
GVA. Simulations prove that the GVA makes the PDFD roceiver
very rebust to error propagation (even in the case of non-mini-
mum phase channels) for a reasonable complexity increase, It is
even shown that in mest cases the ML optimal performances are
attained with only four survivors per state,

In the context of packet wireless transmissions, granularity con-
straints do not allow interleaving on more than one cell. Since the
proposed nethod does nol require any kind of interleaving, it is a
perfect candidate technique for such transmissions,
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Proposed algorithm: The discrete time equivalent strwcture of the
proposed communication chisin is shown in Fig. 1. The data sig-
nals are transmitted in bursts including ¥ coded data symbols and
a known training sequence used both for channel estimation and
algorithm initialisation. Tail bits are added to close the trellis o
the all-zero state, Let the estimated (symbol spaced) impulse
response of the convolution of the transmitter filter, the receiver
filter and the radio-mobile channel, be denoted as
{ht} &0, L]

The overall channel does not need to be minimum phase, but
the receiver filter should ensure Lhat the noise samples at the sym-
bol rate are uncorrelated at its output, as is the case for a root

raised cosine filter, for example. The output of the reecived filter
at timing instant ¢ = # is then
ra = gy by + 1y

where p, is the current coded data symbol te be received, f, =
ZE Ay, ;s the TST term in the ath tming instant, and b, is a
Gaussian noise sample. Note that the decoder trellis can be
derived {rom a convolutional code, a TCM or a block code, In
this respect, the gencral case of a time vadant Markovian process
is congidercd in the following. ‘The coded data symbol y, is related
to the incoming bits {x,} by a time variant relationship (including
coding and bit mapping) of the form

W = fn(mmwn--h ey w'n—-{(,,}

Wo assume that the decoder rellis section at time £ = # has V),
vertices and £, edges (ncluding parallel transitions for TCM). The
trellis vertex and cdge complexities arc respectively

N N
V=3V ad E=Y F
t==0 i=1

The PDFD algorithm estimates the ML metric
N
=1

on the decoder trellis, where F, is the estimated ISI caleulated as a

DFE using a iraceback array 7 of size W that saves the path lead-
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