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A p~lt i r isa~ion-i i~dc~~c~dcnt  wavclctigth coiiverter risiilg cewadctl 
nonliiicaritics in periodically-lioleil LiNbO, wwcgiiidcs has becl1 
dc~~clopcd, 'I'hc dcvicc iim a piimp in the 1 . 5 p  hind, has 
iicgligihlc pul:irislilioii sensitivity and a 1wii:ilty 011 < O.5dR iil 
I OGbit/s. 

Tilc co-propagating diaiinels arid puiiip iirc ~.'ol~irisation-split in a 
fibre-coupled polmisation bcnni split tcr c i k  (PBS). T h e  i.wo 
oulpiits arc carrial thIoiigli polnriswi.i~ii-in~ii~laining (I'M) fibre 
(I'an(h) and arc laicr pigtailed onto IWO indcpcndcnt but idcnlical 
wavcgiiides that have the samc phase niatcliing wavelengths 
(15521iin a1 120°C). 'l'lic fibms itrc proptrly aligncrl to  thc 
w;ivcguidc i11 orilcr to match Llic TM pnlarisntioii that the 
wavcgiiitlc kivoiirs. The PPLN wfiveguitles RL'C 5.km long atid 
wcrc l:,tbricarcd iisiiig aiinealctl pi'otoii exclxiiigc. Thc details of tlic 
hbricritioti h w c  hwii describcd clxwlicrc (21. The waveguides 
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Par;rinctric. wnvelciigih miversion h i i s  a numbcr of- appealing 
propetties sucli as data-hrmitl indcpcndcnce and quaiitiini noise 
liniitcd wavclcngth shifting. 'l'radilional schcincs for such devices 
Iiiivo bccii doiniriated hy parametric proccsscs in iioiilineiir fihrcs, 
semiconductor optical ainplificrs or noiili~iear waveguides [I ] .  
Rcccntly, we introduced a ncrv hniily of cficicnt wavelength con- 
vcrlcr ilcviucs h a i d  011 a casctitlerl x(2) proccss in pcriodically- 
poled I.,iNb03 (ITLN) wavcguidcs [2, 31. T n  lliis pi'occss thc piimp 
;it ii frequeiicy c o p  is doubM in the w;ivcguide to 2mp; simultanc- 
oiisly, di h e n c e  G'cqiiciicy mixing bctwccn the doubled pump a1 
Zw,, with the chiinnel at o , ~  yields II sliificd chiiniicl :it 20 ,  - os. 
This proccss in cssciicc iniiiiics ibiir-wave mixing (FWM) bu! with 
a much liighcr cfficicricy than that o f  FWM in fibrcs (cMicicncics 
of -IndB can be roulincly nchicvcd in ileviccs diorler than 
6on). 
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Onc coininmi dixwbwck lo  iiiost par;imctric processes is their 
depenrlciicz on polsrisation. This ilepeiitlencc has bccii climiniitcd 
in t h e  pist using i i  nuinbcr of schemes [4, -51. hi [his Lcttcr wc 
prcscnt one successl~il solutioii lo thc rcrnoval of this polarisnlion 
rlcpcntlcncc it1 wavelength converters that LISC PPLN wavcguidcs. 

Fig. 1 shows a schcixitic diagl';im of the proposed iniplciiicnta- 
lion. All the cotnporieiits are librc-bascd or tibrc-coupled aiid tlins 
robustness is iissured. Tlic illcoming c1i;iiincls wc coinhiried with 
the piiiiip in i i  wavcleng~li-division mtilliplcxiiig (WDM) coupler. 

include input and outpput taper sections llint improve the f i t x e  
coupling efficiency. Their typitxil hbit-to-fib~ loss is hetweai 3 
iud  4dU. Thc outputs of the \viivcgtldcs i i r c  also pigtailed to PM 
fj1)r.e mid i~econihinctl in an idcntic;il PBS cube. A variablc, fibrc- 
coupled dcliiy line in onc arm coriipensalcs for Lhc difference in 
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delay cxpcriciitxd by the EWO pol;tl.is;itions. Thc ovcr;ill loss fIoin 
thc i i ipt i l  to the WDM coiipler to  thc ~VCIPII outpiit is slightly Icss 
than 5dl3, wiih A polaris;dion scnsitivily 01' loss (I'DL) of bctwsn 
I wild 0.5dU. The liitter is dm lo llie k i c c ~ l ~ d i l l i o l i  of PDL in tlic 
1'11s culm and [lie i ise of the delay linc in uiic of tlic iirnis. 'I'his 
I ' I X  can tw climiiiatctl by propcr pre-adjiistmcnt of thc puinp 
polarisation so h i t  tlic witvclwgih coiivcrsion prowss litis cxactly 
tlrc rcvcrsc PDT, IIF tiic liumr trii tisinisaion Ihrough tlic waveguide. 
'I'he pohrisatioii dcpendciicc of the liiictir lransiiiissioii is showii i n  
tlic inset or 'Fig. 2, which ;ilso slmvs the typical wavclciiglh cnn- 
vcrsion ~ ~ c r l b i x " c c  For uiic clianiicl only, arid For boll1 polarxi- 
tions. 'l'lic pump poliirisiilioti was iitljusletl as  rncnliuiicd bct'orc, 
;ind (hiis thc PJII , of- tlic cotivcrlcrl cliaiincl is almost tqligiblc. 
The convcrsion clficicncy is vcry sitiiilar 10 IIIiii puhlishcd bcrore, 
it. -15 (-lO)dt3 exreriial cfficicncy h r  i i  pump power (pcr pulnri- 
sation) or 100 (I 50)mW 121. Pig. 2 shows cnnvcrsioii with only 
100mW pcr polar.is;i tion. 

We then ~iic;isurctl the hit crror rate a1 iOGbit/s (PRBS & i t a ,  
W - I) whcii  [he convcrtcr WRS riinning with tl sit& clianoel, 
and tor thrcc diflcrent conibiiialioiis of polariswtioiis. T1ics.c wii- 
binations were iicliicvcd using a film pulnrisation rotator so that 
thc iiictimirig chaiincl travellletl: (i) 100%) tliinugli wttvcguide 1 , (ii) 
10014~ through wuvcgriide 2 or (iii) 50%1 through CRCII wavcgtiirlc. 
l 'he httcr casc innxitiiiscs ihc possit)le ticnal!ies clue to m y  i'csid- 

ilicin lieiiting. 'llicsc ciirvcs i i rc showti in Fig. 3. The 
t x d i n e  For tlie D I X  ciirves i s  tiwisurctl wlicii thc signal wwc- 
Icnglh is Luned to 1558.511111. As c m  be seeri iii i'ig. 3, the pentilly 
iiftcr wavcleiigtli coiivcrsion is < 0.5dU, ;irid 110 applrciable differ- 
cncc is ohservcd For ;dl tlic ditfcrciil polarisation combinations. 

hi suinmaiy, wc linve cicwlopetl 21 high cficiciicy poliwisaihii 
iiisensilivc w;welengtIi cowcrier b;iscd on ~~criorli~allypolcd 
LiNbUq waveguidcs. This coiivertcr has wii external cfickiicy of 
-1Odli kind ncgligiblc pdiirisiition ckpeiidcncc when the rcsidual 
1'13TA i s  compensated for by ;1 proper choico or ilic piitiy polarisn- 
tion, This converter is backgmiind iioisc Cree and tlic penalty 
wticii convei'ting ii single diatinel wiis < 0.SrlR. This dcvice can be 
dso iised tis a polRriiiation-iidcpcntlciit spcctral inverter it1 dcnsc 
WUM trarisinission systcnis, with the pnrposc of cumpens;iting for 
dispersion and/or noiiliticaritics [(;I. 
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Reconfigurable o tical cross-connect using 
WDM MUXIDEMbX pair and tunable fibre 
Bragg gratings 

Jungho 'Kim, Jaehoon Jung, Siingchul Kiln mid 
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A rcmiilipkirablc 2 x 2 opliwil cross-coimcct (OXC) liirsccl on 11 
WDM MlIXiDLMUX pair ;~nd tunablc librc Ilragg gialiirp 
(1;lKis) is ~iro~wscd. IL hiis tlic arlvannigc or unifurin iriwtion 
loss arid :I i~rrluc1ioii of tlic nuinhcr ul' MIJXIIIEMUXs mquircd. 
'I'tic cross-coiiucct qicniliun 01' ~ l i c  propowl OXC in tlic opiical 
spuctn~ clntnirin t i r is  bccn cxpcr.itnciil:illy hioiistrnicd. 

hlwdw! im;  I ti fiilurc nII-optic;il wuvclciiglli division multiplexing 
(WDM) nckvorks, recn!ifigiir;ible optical cross-connects (OXCs) 
will play ii lccy cole in improving Lhc flcxihility of the rielworks [ I ] .  
A CoIivClltioliiil I'ccodig11l*iiblc 0XC: can bc irriplciiicntctl by 
inserting ti s p x c  divisioii switch bclwcuii WDM iiiiilriplexcr 
(MUX) and dcmuliiplcxcr ( I X M U X )  pairs [I] .  Reccntly, R ixcoii- 
hgurahlc 2 x 2 OXC h;tscil on fibrc Illagg gwtings (FRGs) iuid 
optical switchcs (OSWs) wiis propusctl [2]. Howcvcr, iii this coil- 
tigii~ition d the OXC, thc in-line loss of each ivavelength chiinriel 
is IIOI uuirorm bcc~iiisc the patti lcrigih or ciich wavclcngrli cli:inncl 
r e k c l e d  hy thc I:llG is dil'lercnt ancl thc rcflected ch;iniiel cxpcri- 
c i i m  rlithcnl iiisci'lion losscs Tor Ihc FRGs and OSWs, I n  this 
Letter, wc proposc a rcconfig~ir;ibic 2 x 2 OXC usiiig ii W D M  
MIJX ;uid UEMUX p;iir and tiiiinble FRCk Thc proposed OXC 
is inlicrciitly bee froiii tliffcrciim i i i  the in-linc loss of each w:ivc- 
length cli:iiiiiel, C:onip;ircd 10 the convcniioixil reconfigurnhle 
OXC, the prnposcd OXC iiko rcduccs tlic iiumkcr of M[.JX atiil 
Illihrl IIX pairs. 

oc 

CZXC c / ~ ~ ~ ~ . ~ f ~ ~ ~ ~ ~ ~ ~ ~ r i , ~ ~  A schcinalic ciiagrain of the proposcil 2 x 2 
OXC is sliowti in Vig. I .  'I'hcIc arc two inpit( ports, 11 and 12, and 
two oiitput porls, 01 i i i i c l  0 2 .  An iirfiiyccl wiivcgtiide grating 

lcngh climtiels coining k m i  1 I arc tlciiid~iplcxecl by the uppcr 
RW'O. Each output port (A, laycr) 1x1s ;I tuinahle FEC; in which thc 
ceiitre wavclcngth kin bc inatdictl to i l i e  cli;inncl wavclcngrh or 
thc AWCis. We can dckrmiiic the conncction slate of thc OXC by 
luiiing thc ccnh'c aavclciigth 01' the FRC;. Wlicn t l ie cciilrc wtlvc- 
lcnglh or tlic FBG is marclied to tlic w;ivelcrigtli of h e  hi layer, 
h c n  h e  w;twlcng~li cliwrinel is rcflcctctl by tlic FUG. The rcflcctcrl 
\vwclcngth chiinncl is rniiltiplcxcrl by the uppcr AWG ;ind tlieii 
travcls back tn 01. This ciisc is called tlic passiiig stiitc or WBVC- 

Icngtti c h i i i i d  hi. Wlicn the wiitrc rvavclcngth d' thc Nifr is S C ~  
to he iliffcrunt from tlic w;ivclengLli of thc hi Iiiyci. by tuning tlic 
ccntrc wavclciigtli o f  the FIG, ilicri thc wiivclcngili channel passes 
through llic PI3G, is mrilliplcxed by tlic Iowa. AWG. and ;u~ivcs 
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(AWG) can be L I W ~  i b ~  it ~ ; ~ e l e ~ i g t t i  MUX UI' [)EMUX. Wave- 


