
The input power into the EDFAs located before and ;iftei, tlic 
nddklrop dcviccs uns 9rtBmichannel mid -7rlbm/clianncl, i q w -  
tivcly. Tlic lamichcd power inlo ~ t i c l i  iibrc span wiis -C)dl\in/cIiaii- 
lid. 
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Tlia i iet &?in tlirieretIce Wweeii ch;innels after oiic loop w s  
-1d11, which restills in 7d[l or opticid power vxiiitioir amuiig ilic 
cliannels at the receiver. l l i e  optical sigidto-noise d o  (OSNR) 
m(1 Q value nflcr 16 nodes wcrc c~iscaded r:u@ from 24.5 t o  
29dB ;md from 17.5 to 20.5dtl; respclivcly. Fig. 3 sliows tlic 
BEK aner 16-notle, 600kni tniiisrnission. At 10 W , R ,  thc power 
pcnally is < 1.5dl3. The decision lcvcl o1'ilic rccciver is optiiiiiscd 
to ceiiiain crrw t k e  ;it :i signal OSNR OP 25dU. 

The above rcsults were obtained b y  opliiiiising {l ie aligniiiciil 
liclwccii the filtcrs aiid rhc cl~arinel wavcletigth. We then stiidiccl 
the seiisilivity or tlie systcni hy rlctuning Ihc filicrs and elitinnel 
wmeleiigtlis. Misdigniiieiit CHIISCS reccivcr seiisitivily penaltics 
caused by OSNIi degtadalion iirid/or cyc-dislortion [SI from llie 
filtcring erects. Fig. 4 rcprcsciits tlic rcwived opticd pouw pen- 
alty al HER 10 inensiiucd Ti>r channel I O  for ti dilTeiwt numher 
or cascaded nodes. Whcri l'our nurlcs wcre cascadcd, (lie 2dli  
power pmnlty h idwidth  was > 0.4iiin while it dccrc;ised to 
-0.1 51im allcr I6 nodes were aacadetl. To iiivestigiilc [he main 
reason Tor Ihe poacr penalty, we mc;tstirctl thc changes in the 
OSNR aut1 thc cyc piittern agiiinst w;rvclengtIi dcliinirig after I6 

[led. Tiic results iirc slinwn in Fig. 5. T h e  cyc 
plitleriis wcrc iiieasurccd nt tiic optiiiiiim w;ivclei~gtIi ( I  W.4ntn) 
and with &I OGI 12 detuiiing froin tllat ws\elengtli. b'or the inini- 
int i in iiiisnlignmcii[ betwccn rhc signal :mcI filter, ihe OSNIC w~is 
-28~115. With 10.1niii dettining, llic OSNR dccrcwsetl to 2Stln, 
which resultcd fiq.om a 6dll decrcasc iii tlic signal powcr aiitl 3dB 
dccrease iii  ~ h c  iiccutniilwted ;Implilicri spontwneoirs cii-iission 
(ASE) ~ i o i s ~  power dcusity. Sin& the iiccumn\llatcd ASE iioisc WLIS 
also filtcrcd hy ihc add/drop nodes cnsuide, the OSNR w a s  less 
clegl;dcd due to thc cflect of dctuning. l l ic eye clianges ;isyiiimct- 
rimlly wilh dctuniiig, which wc nttributc to the n~ixctl eKcct or [ l ie 
filtcr phase response and rhc dispersion in tlic fibre. Rasctl oii tlic 
results of' 1;ig. 5, t l ic  primary rcilsoii for i l ie  powcr peii:iky 
appcars lo be OSNlZ degi.:id;itioii for posilive dctuniiig aiid cyc 
diutortioii fnr iicgative dctiiiiing. 

lrilr'nrluc/io~!: In  dense wnvclcngth division iiiultiplcxiiig (IIWDM) 
coiiuniiiiicatioii systcms, fihrc B r a g  graiings (l:I1Crs) arc good 
ciii1did:dcs Tor witvclciigtli sclcctioii or iiltcriiig hacausc tlicir 
Inw inscrtion loss, low polaris;ition dcpeticicut loss (PDL), low 
polxrisatioii inodd dispr&ou (PMDj iiiid liigli wavclc~igtli sclcc- 
t i d y .  For pissivc: tieviccs in  1)WDM coniinunication systcms, 
sharp, wcll-ilcfiiied filtcr ;iiiiplitudc r c s p i s e s  arc one of thc most 
inilinrtiint cluiractcrislics [ I ] .  For a typical FUG, (lie handwidth is 
tisitally lirniktl I y  tlic siclelobcs in tlic spcctl'al rcspoiisc [2]. A utii- 
Toiu FUG yields highly uiidcsirablc sidclobcr duc LO Fabry-krot 
resou;ince tit thc sharp houndwics or thc gralii\g A well-discussed 
nic~liod for reducing thew sidclohcs is lo Cipodise the gixting COLI- 
pling strength i h n g  tlic gi-tiliiig by gradually tapci-uig tlic index 
inodul;itioii tunplitucle tn zero at 1Iic two cdgcs [3]. This ficlps to 
rcducc tlic sidelobes in llic higl~cr w:i\dength, but it $til l  lciids io 
iwsniiiincc which occurs at shorter \wvelengtlis. i n  this w;~y. the 
Ilragp w;tveleogth ;I[ cillier end or the grating is mridc smaller t h i  
thtit at tlic mnire of thc grating, and h i s  leads to largeer sidelobes 
;it Iowcr ivavelciigths. 

To riirilicr supprcss thcsc sidelobcs, it i s  necessary to keep tlic 
iivcriige drilcIive inclcx constant ;iloiig tlic grilling. Scvcixl 
itpprodlcs have hccn rcportcd [4 - .  GI. Pan cl d. 141 U S C ~  HII ~ p o -  
dked phwc i i m k  with variablc dilTixciioir efficiciicy to fabricate 
their s lucp skirt 1~'IIGs. M o h  ri id. [5] dciiionsil'atcil it doublc 
cxposiii.e inethod by using a1i;idclw masks lo coiiirol thc iiidex vir-  
iijlioll dong the fibre. In coiilrast, Sinyh illid Zippin [6] kihricaled 
apodiscd fibre gratings by using ii uiliforin ph;m mask and a siii- 
glc illumiiintion process. 

111 this Lcitet, wc propose ricw mclliocls for Libl'icating apodiscd 
FBCis wilhout using iiny intcnsily inask. FHGs with a uiiiforiii 
pitch tire first pholoiiiiprimd hy a UV hciiiii with B Cr;utissi;in spa- 
l i d  ?rot& using the skuiclord phsc  iiiask apprai~cli. Ho\vcvcr, the 
inwi ige  local I-crrnctivc indices of thc inipriitted gr;llings iirc cor- 
rected lo remain nearly cnnst;iiil dorig the whole Icngth of tlic 

ELtCTRONlCS LETTERS 30th March 2000 Voi. 36 No. 7 655 



grutiiig. \Vc siitisry ( h i s  rcqiiii-umciit by using cihcr ii siiiglc e x p -  
stire process or iiidtiple cxposiirc proccsscs, txrlli wilhout rcquir.- 
ins any iiilciisiiy mask. Sidelobes at Io\vcr wavclciigllis hiivc ticcn 
sipiiificwtly ~ v d u c ~ d  lo mcct the i~cqiiil~mciits nf DW13M coiiiiiiii- 

nimtion syslcms. 

1 , -1 cylindrical lsns 
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