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The crosstulk of il IOGHz-spaced 32 cliniincl nmrl~crl-rv~vcgilidc 
grating lws been rctlnccrl from -17 lo -30dl3 and from -16 to 
-27clB for thc '1'1: and 'I'M iiindcs, q'cctivcly, vir thc 
pholosensilivily uodcr 193nin ArF cxciiiwr lascr irfiidi~rlioii. A 
mzkl imi.sk wilh B window wtis plactxl on the ni.ritycr1 wavegiiides 
and ilkc onmnskcd aiwyM1 wavcguidcs ~ v e i t  iiwliatcd until tlic 
crostalk IWP. I c d i i c ~ d  IO thc dcsird vuluc. 'This tcchiiiqiic incans 
that  tine :idjustmiit or  thc Iiiwr kiim on indivicluil arrtiyctl 
waveguides is 110 longer necessary. 

h i  6ruducliun: N arrow-clia iiiic I a rray eycd - wveg  oide grfiadi I gs 
(AWGs), c.g. a IOGLlz-specrd AWG, are imporlant devices in the 
coiis~ructioii or rillri-dciisc midliidciiiiiltiplexei~s [ I  1. Since a I1iW 

row-channel AWG has a higher chmiel  crosstalk than a coiiveii- 
tional IOOGHz-~pacerl AWG, scvcral ~iicthods have h c n  
dcvclopd for cxtcrn;iHy conipcnsatiug I'or tlic phasc crrors or all 
tlic iirrnycrt wiivcgiiidcs [2]. Although Ihc crosstalk was grcally 
Ieduced, demonstrating the potential of external pliasc compensa- 
tion, a laser beam had to  he Fncuscd on cach ;\rraycd wnvcguidc 
;ind this iii:idc thc coiiipcns;ition systciii ralhcr coiiipli~ilcrl and 
iiiwdc il more dificull lo coinpciisaie for lhe pliasc errors or all the 
wavcguidcs as llic iiuriibcr of wavcguidcs iiicrcasett. 

Til this Letter we report a new inetlind h r  extcrtially colitrolling 
the phases of all the arrayed waveguides siuzultancoiisly by utilis- 
ing their photoscnsitivity iiiid changing tlicir rcfr idvc indcxcs 
undcr UV irr~lkition [3], Tlic inclhod iiivolvcs placing a meld 
mask with a window on the arrayed wmeguitleu. We Lhen irradiate 
tlic unmnsked waveguides with a UV lascr until TIIC crosstalk is 
redaced to the dcsircd valuc. Fine adjustment by focusing a lascr 
bcmn oil the iiidividuiil wavcguidcs is no l o n p r  rcquircd. 

~ ~ x p ~ r h ~ ~ i t d  /m"hrr.c?: ' lhc  riuinhs of array& wavcguirlc.s ii  lid 
inpulloutpur wavcguirlcs in lhc tesl IOGI-lz-sp;uxtl AWG were 8 1 
and 32, respectively. We measured the phase error $k of each 
arriiyed wwcguide k (k = I ,  2, .,., X I )  using ai l  optical low coher- 
cnw ttcliiiiquc [4] w i h  an accuracy of* 3". h i c a l l y ,  ~ h c  clianncl 
crossid k can be reduced by fiddtliug a philse or $ . $t 10 arrwywl 
waveguide k and seltiiig the resultant phase m o r  to a coiistan~ 
v:ilue of Q [Z]. We induced the additional phases hy m m i s  of the 
rclkctivc iiidcx ctiangc rcsulting from photoscnsitivity unclcr UV 
lascr light irradiation [3]. Wc fornicd thc wiiidow by clching ii  

20pm thick moral plate wliicli wc ilieii placcrl on Ihc arrayed 
wtlvegiiides in such a way that the length of the unniasked k 
wsivegiiiilc W I ~ S  proportional 10 + ~ qk, Whcn llie light bcain was 
iiormally incident oii llie metal plate withoul being rocusetl, it 
passed through the window aivl irradiated the desired waveguide 
iqion uiiiCoriiily. 
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Since thc crosstalk of tlic AWG we used was r~ltliei. Iiigli and 
Iiad a large v:iriatian ranging fiatii 0 to i~ rad in its phase error 
dishibutiou, wc rcduccd it by carrying oiit thc followi~ig two stccps, 

a s  shown in Fig. 1.  First, wc madc two iiictal mwks with windows 
( 1  c in  high mil 4 min rvidc) rol- thc t iplxr and lowcr rccgions nciir 
the centre or the arrayat1 waveguides and we irradiated cach win- 
dow for 4Xmin. Thc irradiatioii titne was obtained frclni the rntc 
of refraciivc itidcx change dim to  photoscnsitivity. Actually, there 
wcrc vari;iiioiis in the lescr porvcr dcnsity ovcr its cross-section 
and this madc it rarhcr rlifficult 10 ;ichicvc fine ph;rsc control of 
cadi wavcguidc with tlic two masks. A h  reducing thc large vari- 
ation in the fir.st stagc or compeiisaiioii, we then carried out it 
1noI.e precise wrnpensatioii by making R iiiilsk with R s i i~ l lc r  win- 
dow For the waveguides near the input slah wnveguirlc, as shown 
in Fig. I. This W;IS bcc;iiisc ttic arraycd w;ivcguidcs converged ;it 
thc slab waveguide and thc lascr bcam could irrxliatc thc 
iiiimaskctl rcegion uiiirorinly. 
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Fig. 2 Twplsmlssioit , s jw<!Iw  jbr TI? rirrfi TAf ~ i a d c s  hefore mid rfier 
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Expwim~ii tu/ rcwdts: Thc array crl wtvcgu itlcs wc It' irrad i iitcil with 
193nm ArF excimer lilser lighi at an ii.rdiancc of 150in.I/pulsc 
and with a pulse r'epetitioii rate or 201-Tz [SI. l'hc lcvcls or thc 
sidclobc components of tlic Ir;insmission bands of the originti1 
AWG bcro1.c compensalion in lhc Tl! and TM inodcs wcrc -17 
mid - .IlidH, as showii in Fig. 2u and b, rcspLwtivtAy. tlcrc tlic light 
bnim an ampliiicd spontaneous einissiori (ASE) s o m e  WBS 
laundid frotii input pnrt 11; nfthe AWG and the spxtruiii of the 
light frotn inpiit port 16 was incasurcd. After the approximate 
comlmmlioii in the cciilrd rcgions or (hc ;irricycrl wavcgiiidcs, thc 
aidelobc coinponeiits were ixdiiccd to ~ 22 ~ i i d  -21tlU, in Ilia TI; 
iinrl TM niodcs. rcspcclivcly. 

1 

Thc phasc crrors ~ o u i i d  both cnils of tlic arr;iyccl waveguides 
in lha TE iiiode arlcr thc approxim;itc coiiipcnsation were at tnost 
0.5rad greater t l m  those in the 'I'M modc. Wt: desigiicd a nictwl 
mask for fine coinpensation for the TE inode and ineasuretl the 
ch;mgc in thc sidclnlx compoiicnt 011 thc left side o f  the passbarid 
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p k  in Fig. &(, (referred to i i s  tlie crosstalk valuc), ngiinst irradi- 
ation timc, ns sliown in Fig. 3 .  Thc crosstalk viilue cliaiigcd 
altriost linearly with irradiation tiiiic froin -22 to --3UdB. Wc 
stoppcd the irradi;itior\ titer 95tuir1, but a cwvc fit to ttic d;ilii 
showctl lhat the crosslalk woiilrl rewch -35dl1 Tor a 200inin iri*atli- 
iilioii. This v:ilue cniild bc achieved with a 951niti irraclinlion hy 
doubling thc s i x  of the window sincc the irr;idialioii would 
rciiiaiii uniform over the ciilargcd window. AlIliougli the window 
WRS dcsignctl Tor tlic TI2 mode, ttic crosstalk in ltic TM mode 
dccrcasrd from -21 to 27dU as shown in 13g. 2b. 

o r -  

I'ig. 4 sliows thc demultiplcxing ctiafiictcrislics of all 32 clian- 
ncls in Ihc TI2 inotle of thc phiise-compciis:lted I0Gjllz-speced 
AWG, Each cllwnnel was scpaarcd with ;I wavelength sllacing ot' 
O.OXnm, or IOciIJz. 'The sidclobc coniponciits clitinged hctwccii 
-33 and 27dB a s  lhc output pori cliangerl end the nn-chip loss at 
tlic c e r ~ e  witvclcngtli of the passbaiid ra~igcd from 3 to 6dll. 

CoPiulusioti: Wc have reportcd ;I new phasc control nicthod that 
cxtcmnlly reduccs tlie cliennel crosvlalk of an AWCi via the plio- 
toscnsihily undcr UV Inser irrsdiation throiiglr a inctiil mtisk. 
The mediad iiivulves placing i i  iiielal m x k  with a window oii the 
iirrilyed wivcgiiides aiid irrarliniing thc uumnsked waveguides with 
[tie lascr bcam. Witli ;I 19311111 ArP cxcimer lnscr wc succeeded in 
reducing the cimssi:rlk of R 1 DTrHz-spacctl 32 c11;iniiel AWG fl.oin 
-17 10 ~ 30dR, and hoin -16 to -27dn, for llic 'I'E and TM inatles, 
rcspcctively. This inclhod has the rollowing :itlvnntagcs: sincc all 
the wiivcguides arc compciisated simiilluiieously, ttic lime necdcd 
to coiiiplele ttic cornpciisat ion is IinaCTcctcd by the numhcr nf 
waveguk1c.s; fine adjjustmcnt to focus i i  laser bc;m to individiiiil 
wavcguidt.~ i s  no lonpr required ;ind this inakcs the system much 
simpler. 

Rcfcrcncer 

Experimental demonstration of new 
regeneration scheme for 40Qbit/s 
dispersion-managed long-haul 
transmissions 
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Thc: expiuisioli of ii wide rangc of ncw setviccs involvcs riipirl 
growill iu tlic transmission cnpaciiy of ~e~rcomnitii~~catioiis nct- 
works. A kcy issue is the control or the quality or ilie tnnsiiiissiori 
d a h  along the wbolc link. 13ispersion iniiiiageinent (DM) appc;irs 
to bc a veiy powcri'ul techiiiquc for culiiinciiig thc quality or 
W [ ) M  transinission systems, as shown iii receiit 100bitis-basctt 
cxlicri iuciits [I. 21. At higher bit raies (i.e. 40tibii/s), inlitic oplical 
regcticr;rtion based on bot11 intriisity atrd phasc inodula~ion (IM- 
PM) is ii helpful and powcrhl ton1 for eii;ibling error-fw trails- 
mission over trmsoccaiiic disiances [?, 4j. Owing to ;iniplitude 
tlucliialions iirduccd by LM, it liarrow baudl'ass optical tiltcr m u s l  
hc addud 10 tlic syiiclironous modul;ilion. However, filters Iiavc 
bccn shnwn to bc only or poor cficiuiiq iii stabilising tlic ciicrgy 
or R DM soliton [ S ,  61. This is lliu reason why syalcriis combining 
both techniqries liavc iievcr k e n  deinonstl.;itccl. To remove this 
liinitiition, we proposed in 171 tlic idca of ii local p i o d i c  w m w  
sioii between it DM pulse nnd a standiml notrlinc;ir Schrodiiigci' 
iN1-S) soliton pulse, thus rcsloring the liltcr crticiericy for slabilis- 
ing ampliturlc fluctuations. I n  this Letter, wc cxpcrimcnt;dly dciii- 
oiirtriilc Cor tlic first time l l iat 400bil/s optical 3R regeencratioii 
using syrichronous mndulatioii ciiii he eflicieritly associalcd w i h  
DM solitnil tr;insmissioi~ whcn tisiiig ~ h c  prcviwusly mciilioned 
uoiivcrsinii schcinc. 

loop wnfigura?lbn 
1 

lGg, I slrows tlic cxpcrimcntal sctup iiicluiling two iriscts which 
illustrate the trmsiiiitter and rcccivci~. Piilscs at 11 IOCLh rcpeti- 
tian rate generated from a gain-switchcrl ilistributcd reedback 
(DPIi) lascr at 1555.75nm are cotiiprcsscd down to 61's through a 

IOGbit/s and opticdly lime multiplcxcd 10 plnvidc a 40GbitA 
data strcmi. At the 1-cccivci. end, hit crror rates (UhKs) tirc mciis- 
urcd ;it IOCrbitk, ;rAcr ileniiiltiplcxing t he  40Gbit/s datir stream 
using ti ~ioI;rrisn~~clii-iriserrsilivc etcclrombsorpiion tiroduhtor elcc- 
lrically drivcn by 20 m d  1OGbilis electricd siric waves. 

Tlrc rccirciilating loop is sliown i i i  Fig. I .  The dispersion inql i s  
made of h i r  spans consisling of 4Ukm or DSF willi R -1.2.25~4 
nuidkin tlispcrsion; lliree DCF modiiles RI - R4.5psliim nnd iin~tlier 
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-3Opdutn fibrc t3ragg gKltiIlg, coded with il 215-1 I'KHS wt 


