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A near-tR (77511111) femtosecond laser has k c t i  uscd to diirctly 
wi le  n lcin long optid wavcguidc in Nd-dopcd silicate glnss. A 
gain or ISdWcm was obtaincd at a sigiid w:tvelength 01 1054um 
for -34inW of 514nin pump power, in front of thc input 
coupliiig objeclive. 

InlrodJcriun: It is well known that the propertics of glass can be 
cliangcd by exposure lo lighl. The discoveiy by Hill [l] of thc pho- 
tosensilivity of silica fibres nt UV wavclcngths and the extension 
of  this method by Meltz [2] to a dircct-writing technique using a 
holographic setup has had ii  major impact on guided wave device 
development. The UV direct-writc inethod has been used to write 
gratings in planar waveguides and optical fibres and even to 
directly write waveguidcs in bulk glasses /3]. This method, how- 
ever, has inherent limitations. In particular, many glassa are not 
sufficiently scnsitivc to yield signi kcant changes it) refractive indcx 
an exposure, and hence W direct writing has becn primarily used 
for high-purity gennanosi1ic;ite g1;isses. Also the UV photosensi- 
tivity band is very close to thc absorption edge or most glasses, 
and thus the U V  pcnctration depth is sinalI. This fact has pre- 
cludcd tlic use of UV direct-write tecltniques to producc three- 
dimcnsional slrtic(ures in bulk glasses. Rccently it hns becn clem- 
onstrated that near-IR femtosecond lascr pulses can be used to 
induce Imlised refractivc indcx increases in a wide variety of 
glasses [4]. Thermally stable o p t i d  wavcguides were reported in 
1997 by Miura e! d. [5]  in silicatc, borosilicate, clialcogenide and 
fluoridc glasscs. Also, inore coinplex stnictutts such as a Y-junc- 
tion splitter [6] and long period gratings [7] have heen produccd. 

In this Letter we present for the first timc, io Ihe best of our 
knowledge, an flctive wwcguidc dcvicc direclly written using near- 
1R femtosecond lascr pulses. The devim- i s  a waveguide amplificr 
in Nd-dopcd silicate glass. 
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Experitnmunrcil deriiils: The material used it) this study was a coin- 
mcrcially availfiblc Nd-doped silicate glass rod with a diametcr of 
0.5inches. We measured the absorption coefficient of thc &ss 
using a spectrophotometer and wc found a maximum value of 
4.6m-1 at 806 nm. Using this valuc togcther with lypical absorp- 
tion cross-scctions for Nd-doped silicate glasses, we estimate tlic 
Nd doping level to be -2 x 1 Ozu ionlcm3. We also recorded thc flu- 
orescence spectrum, wing an optical spcctruill analyser, when the 
bulk sample wfls pumped at it \~wclcngth of 806nm. The peak 
was in the vicinity of 1062nm. 

For waveguide fabrication ti femtosecoiid Tksapphirc laser 
operating at 775nm, with a pnlsewidtli of ISOfs, a 250Hz repeti- 
tion rate, and a 4pJ pulsc cncrgy was used. 'The waveguide was 
writtcn in a picm of glass rod of - I  cm length which had its ends 
optically polished. The laser beam had n l/c2 intcnsity full-width 
or 3.3111m x 3.9imm, and was focuscd with a lens of ISmm focal 
length insidc thc sample. The rocus was minned at a rate of 
25pUs along a direction parallel with the beam. A total of live 
scans were made along the same path. Alter the writing was coin- 
pleted, the end faces of the sample werc polishd unlil the entls of 

the waveguide reached the surfance. The neflr-field tnodc profilc 
wiis  collcctcd at 632.811n1 using an uupolarised He-Ne InTer and a 
CCD airay. 

For amplifier characteiisalioii, gain measutEments weie pel- 
formed iising an AT io11 piimp l a m  as a so~irce at S14nm and n 
signal at 1054nm provicicd by a fibre laser. We used s couritei- 
propagating gcoinetry (Fig I )  in which the pump beam is 
launched in the waveguide by etid-firing through one end and the 
signal IS also end-fire couplcd but through the other eiid. The 
launched signal power levels wcre of thc order of 300pW. The sig- 
nal kcam was cliopgd and the changes were recorded tis thc 
pump bcam was tutned 011 and oil' for a few different levcls of 
punip power. 

R m d t s  rrnd discussion: An intensity contour plot of tlic ncar-licld 
niodc profile at 632.8nm is shown in Fig. 2. Although this modc 
profile is not single-lobed, we havc also obtaincd singlcmode pro- 
files using slightly diffcrcnt writing conditions. Furthcr characleri- 
satioii of t h m  dcviccs, including loss measurements aiitl a thermal 
stability study, is in progrcss. 

input pump power, mW 

Thc data on the gain of' ilie amplifier for a 1054nm signal are 
prcscntcd in Fig. 3.  The g i n  was measured as the ratio between 
thc signal power wilh the pump turned on and tlie signal power 
with the pump turned OK The pump power was measured in franl 
of the input coupling objectivc and prcliminaq cstiiiratcs indicate 
a coupling cfficiency of 2&40%. To veri@ that the change in the 
signai power is not due to soine thermal effects, the experiment 
was repeated using the 4X8nm line of thc Ar ion pump hscr Thc 
fact that no gain was obscrvetl, BS cxpcctcd, sincc Nd does no1 
hitve w 48811111 absorption band riiled out the influence of thermal 
erects. Fiuorescence data indicate that thc emission cross-scction 
at 1054nm is only half as large as that at tlie 1062nm p i k .  Thus 
this device exhibits s gein of -3dB/cm for input pump power 
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levels or -350mW. This moun t  of gain sliould bc suh ien t  to 
support lasing, providd that high rcflcctoru are amxed to tlie 
ends of the wavegiidc. Expcriincnts for achieving lasing are in 
progress. 

Curidusiuns: We have optically writtcn ii lcm loiig wavepide 
amplificr in Nd-doped silicate glass using iiear-IK (775nm), 150fs, 
25ONz rcpctition rate, 4pJ laser pulses. A gaiii of I.5dBkiii was 
mcasurcd at 1054iiin when the device was pumped with -3501nW 
at 514nm. 
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Generalised Viterbi algorithm for trellis 
coded signals transmitted through 
broadband wireless channels 

IC. Visoz, P. Tortelier and A. Bcrthct 

A reccivcr structurc is propowi for (i.ellis coded signals 
tiaiismittcd ttirougli broiidbtind wireless chonrwls bascd on thc 
generalised Viterbi algorilhm (GVA). Siinulation rcsults show the( 
Ihe proposed rcceivcr structwc i s  suitablc For high bit rate wireless 
applications. and givcs close to opliinnl perrormnnocs with 
rcrsoiiablc complexily. 

Inlroduction: The optimal way 10 decode trellis encoded signals 
transmittcd dong intersymhnl iriteiference (ISI) channels is tu usc 
the maximum likclihood (ML) ‘suptrellis’, B combination of IS1 
and code trellises, thc statc complcxity of which is the product of 
both [l]. Unfortunately, for frequency selective radio channcls, tlic 
number of statcs of the IS1 Lrellis increases expoiicntially with tlic 
bit rate, which prccludes this approach For broadhiind wirclcss 
radio iiitcrbccs. As a consequence, II lot of work h i s  kc i i  done 
on snb-optimal receivers for trellis coded rriodulation (TCM) in 
the presence of IS1 [I - 41. In [I], n systematic method is developed 

for lowering tlie state coinplcxity of the supcrtmllis. An interesting 
ciisc arises when thc rcccivcr lrcllis is reduced Lo the code trcllis 
[I - 41, the complexity of which docs not r lepnd on h e  bit rate. 
The 1ST dire to the clianncl is not takcii into accouiil in the trellis 
states hut in thc cdgc nictric, as done in a classical decision feed- 
back eqwliser (DIT). It follows that siidi it rweiver, coinmonly 
known tis parallcl dccisioii fcdback docorling (PDFD), inherently 
suffers (LIS does thc DFE) from error propagation, cspecially in the 
case of non-minimum phase chmnels. Tliereeforc, tho PDFD 
receiver requires pre-filtcriiig to turn thc chaiincl inlo minimum 
phase. This pre-filtering is cumbersome atid iiicrenses tlic overall 
receiver complexity. Besides, error propagation still remains. 

In  par;illcl, many cfforts haw been devoted to improvc sub- 
optinial qualisation tcchniqucs for broadband wireless channels. 
Onw again, thc issuc is the complexity of the ML TSI trellis. In 
[3, 51 a metliod is proposed to reduce tlie ML IS1 trellis. In [5, 61, 
it i s  shown that the gcncralised Vitcrbi algorithm (GVA), which 
rctains morc thin oiic survivor p r  stitc, is a wry cficient algo- 
rithm for coiiibalting error propagation. 

The proposed receiver cotnbines tlie PDFD dgoritlim wilh lhe 
GVA. Simulations prove that the GVA makes the PDFD rrrcivcr 
very robust to error propagation (wen in the cisc of non-mini- 
nium phase channels) for ii  rc;isonable complexity incrcwse. Tt i s  
even showri that in most ciises the ML optirnal pcrforinaiices are 
attaincd with only four survivors pcr state. 

I n  the contcxt of pwckct wirclcss Lransmissions, granularity con- 
straints do not allow interlenvirig on more than one cell. Siim Ihc 
proposcd nielhotl does not require any kind of interleaving, it is a 
perfect candidate tecliriique for such transmissions. 

A 

TC M AWGN recsiver 

Proposd u ! g o r i h ~  The discrete t i m e  equivalent structure of the 
proposcd communication clrain is shown in Fig. I .  The data sig- 
ilels are transmitted in bursts including N cod4 data symbols and 
a known [raining seqiience used both for channel estimation and 
algorithm itiitialisntion. Tail bits are lidded to close tlic trcllis inLo 
the all-zero state. Let tlie estimated (symbol spaccd) impulse 
response of die convolution of the transmittcr filtcr, tlic receiver 
filter and ttic radio-mobilc ~Iianncl, bc dcnotcd as 

{hl 2 E [O,LI 
The ovorall channel dws not iieetl lo bc iiiininium plisse, hut 

the rcccivcr filtcr should ensure Lliat the noise samples at  the sym- 
bol rnte are uncorrelated at its output, ns is the ciisc for a root 
raised cosine filter, for example. Thc output of tho rcccived filter 
at tiining instant E = n is tlicn 

whcrc yn is the currciit coded data symbol io bc rcocived, I,, = 
hIy,, I i s  h e  IST term in the nth timing instant, and b,l is ii 

Gaussian noise sample. Note that the decoder trellis can be 
derived from a convnlntional code, 51 TCM or a block code, In 
this respect, the gcncral casc of a timc variwnt Markovian process 
is considcrcd in thc follo~ving. The coded data symbol y,, is relntcd 
to the incoming bits { x J  by a tiine varimit rclalioiiship (including 
coding and bit mapping) 01“ tlie form 

I / ~  = , f ? a ( ~ l l l ~ n - . i .  . . . ,G-- IC , , )  

Wc i i s s m x  that tlic decoder lrellis section at h e  I = M has qg 
vertices arid E,, edges (includitig parallel transitions for TCM). The 
trellis vertcx and cdgc coinplcxilios are rcspcctivcly 

I’,l = l lulln -I- [’n -t- I,, 

x A’ 

v = I< :nirI E = G 
t=n f-1 

The PDFD algorithm estimates the ML metric 

on the decoder trellis, where f,, is the cstiinated IS1 calculated as a 
DFE using R kaccbdck array 7’ of s i x  V lhnt saves tlie path lead- 
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