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Subcarrier modulation for transmission 
of l-Gbit/s channels over 500 m of 
62.5pm multimode fiber 

F,.J, Tyler, M. Webstcr, 1l.V. I’enty, 
1.1 I. White, Ceii~reJiir CoiiiiJiriiiicntioiis l<i:s., 
h i v .  uj-llrislol, Uiriv. Wirlk, ihistoi, I i S X  ITR,  
[/niter1 Kin~diiiii; E-iiiiiii: 

l’hc growing dcmiiid ror higli-s~iceil intercon- 
nccts for Local /\rea Network (I,i\N) applica- 
tious makes it interesting to study a1tern;itive 
iiimlulalion i w m t s  IO iiicr 
skin capacily nlwidcly iiislnlled 62.5-l~m iii i i l-  

timodc Iibcr (MMF). 1;iir examplc llie avail- 
ahlc hamlwidth in t  baseband iiiorlulatiiin a t  
850 iiin limits (;ipahit T:thcmcl links tii (lis- 
l“cs  (if 275 111.’ Sulicarrier Multiplcxiiig 
(SC :M) is an  altl-activc technique lnr iiicreasing 
the data capacity of cxistiiig riiul~imiidc l i l m  
links. Although S(:M h a s  bccn widely repo r ted  

nadcast services to iablc ‘1’V 
M tr;iiismissiiin over MMI: 
(1 Iiy lkiddatz et al. in 1998:’ 

Since then the iransmissinii o i  I -(;l)itls Ul’SK 
data over l-l(m MMl: using a single subcarrier 
at 2.5 (;I I% llashccii r c ~ r ) r c l e ~ l . ” I n t h i s ] i a p c r ~ ~ c  
rcpur~ 11ie i isc of two diTfercnt subcarriers at 
frequencies up to 5.5 (XIz each transmitting I 
(;bitis over 500 in of MMF. 

Using cniivcntional NllZ modrilatinn ii 

(lala channel is limited in  baiidwidth by the 
modal dispersion inherent in mult iniode fibcr. 
Subiarricr multipleriiig p r e s c n l s  a way to 
overcome th is limit,dioii hy using t he  regions 
offairly flat rcspi,iise at Ircqucncies heyond tlic 

- d U  licqiieiicy. liy transmitting S C I “ ~  

narrowhalid chamnels in (he 1iassIbancl regions, 
r;itlrcr Ihan a single broadhiiiiil chaniiel, :I si);- 

l l i .  ‘1yll~.r~~bristol .ac.i~h 

The fiber iiscd in the experiments is a 500-m 
Icnglh 0162.5-1~11i core diameter MMI:, whidi 
cxhihits a iicar “worst-case” modal Iiaudwidth 
i i f 2 I lO  Mllz.km (A = 850 mn). Figure I shows 
l l i c  frcqiiency response (11 the fiber at 850 IIIII 
and indiciites arcas (if tlat rcspiiiise in tlic pass- 
hand at arnund 3 ;ind 5.5 GHz. 

CM115 Fig. 1 .  111: Siequcncy rcsprinse U S  
500-m Iniiltitiiixlc fiber showing a k l D  Irmd- 
width oT 400 Mt lz  ani1 regions oT relatively llal 
rcsponsc located a l  :i (;ll/ ;ind 5.5 Cl17 (wavc- 
Icngll,: 850 nln). 
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A “tandem” single sideband fiber-optic 
system using a dual-electrode Mach- 
Zehnder modulator 

A. Nar;isimha, X.J. Mcng, h4.C:. Wu, 
F,. Y ablonnvitdi, 1:li~ciricnl I?iigiiiwriq 
Ilepiz r t i ~ i  LVI i, tlw iv. oJ CiiliJUrii in, I n s  hlgl’ks, 
(14-144 liiigiiicering 1V, 420 Wrsiwoorl Plflzti, 
Lo3 i\iificics, (,‘dqi>rnio 9009.5, USA; Ii-iiiflil: 
flliltc~ee. 1Icl~I.cil11 

Opticel single sideband (SSU) miidul;i~inn 1x1s 
received great interest ii w;ry LO reduce the  
dispcrsioir pciialty o i  andog fiber-optic sys- 
iems.’J In this ptipei, we priipirse aiid delnon- 
stintc :I “Laoclein” singlc sideliand libel-optic 
link, which uses :I dual-clcLtrodc Mach- 
Zeh~idcr  (h8l-Z) iiioi11118tor to place difTerciil 
inforination in c ~ c h  o l ~ l i e  IWO sidcliauds, thus 
doubling tlic limdwidtli eCficicncy. 

I’igurc 1 sliows tlie cxpcrimeulal setup. The 
light murcc is iiii cxtcrn;il cavity tuuablc laser 
dindc (i<(XI,l)) ,  The light ikllll the UCI‘-I.L) is 
coi iplecl into ii du;il-elcctn~de MiicIi-%chncler 
irmdulator (1 W M Z M )  through a piil;iri7~itiiin 
ciintrollcr. A n  externally lriggcred patlcrn gcri- 
c r a ~ i i r  with 2”-1 pscu~lor;i~idoiii hit scquciiccs 
(1’11135) priiviilrs thc baseband sign;il at a rate of  
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CMKB Fig. 1. Experimental setup 

500 Mbps. l ' h e d a t ~ ~  isiiioduletcdbylIPSK(into;i 
sohcarrier at a frequency f, = 12 GI Iz. 'lhc signal 
is split intii two and fed to two L)tS hylirids 
through two different path lengths. 'The 0" out- 
put frnm each hybrid is stinlined with the 90" 
output of the other hybrid and tlie two resultant 
signals are used to drive the lll~,-MXM through 
bias 1s. The DE-MZM is biased at quadr;iture. 
The two III'SK signals iisc thus carried 011 differ- 
ent sidebands OS IIIC optical carrier. 111e power 
before the 1W power divider is 211 dUm. A n  
erbiu~ii~doped-~lier-aml,lifier (F,l)f;A) boosts 
the output optical power. At the receiver, botli 
the upper and lower sidebands are separatecl by a 
reflective fiber grating (FWHM = 20 (;HE) 
throiigli an  optical circulator (OC). I h e  signal is 
detected hy a Lightwave converter (I  1P 11982A). 
l l i c  output is ciinnected to a low pass filter (1,PF) 
followcdliyadigilalosciIlosciipc (I 11'54542C) to 
obseive eye diagrams. 

'lhr experinieni is performed at two IYWC- 

lengths of the laser sonrce. In  the f i rst  casc, the 
laser wavelength is cl ioscn anch that it lies at 
the cenier frequency cif the fiber grating. This 
ciisiires that both sidebands are almost cqiially 
accepted. 'l'lic experiment is t h e n  repeated 
with tlie laser wavclength upshifted by I O  

GHz. This ~ ~ i s t i r e s  that tlic upper siclcband is 
alm(ist completely rejected. I n  each nr the  
above cases tlie sidebands arc first trensmitted 
individually and  tbcn together tlirough apprti- 
prialc input to the  DE-MZM. 

In  Fig. 2 the light snurcc w;ivclength was at 
the center n f ~ l i e  filicr grating. We can see Sroiii 
the  eye cliagfinns that both sidcbands arc ac- 
cepted nearly equally. T h e  fact that tlie eye 
diagram deteriorates when we transinit both 
sidcbaiids suggests that we are transniiitinp, 
different signals in each (if the sidcliands. 

In  Fig. 3 thc sni~rcc wavelength is rip-shifted 

is ;ilinost coinpletcly rejected resultiiig in an 
exccllent eye diagram even w h e n  bnth thc side 
b;nids i r e  trsnsniitted. 

l l i c  above results snggest that the "tandem" 
triinsmission was succcssf~~l and tliiit it is piis- 
silile to transmit different inlormation in both 
the side bands. 

In conclusion, w e  llavc sncccssfiilly demnii- 
strated the "kindem" single sideband tcchniqnc 
and s h i i w n  that it is possible to (loublc the  hand- 
width efficiency of i i  link by transmitting differ- 
ent information in cach ofthe two sidebands. 
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Optical generation and self sub- 
harmonic injection locking of tunable 
10-100 GHz microwave/millimeter 
signals 
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Optical tecluiiqucs for generation of RF signals 
are becoming incrcasingly important in appli- 
cations requiring very high frcqocncics and 
narrow linewidth microwavelmillimeter sig- 
nals such as fiber-radio systems fiir brmidliand 
wireless. Two-section distributed feedback 
(1)PlI) Insers exhilitiiig high rrcqticllcy self- 
pulsation signills up tii 80 GHz has beeii re- 
ported.',2 'l 'hc Crcqncncy nf microwavclmilli- 
iiictcr signals from the tw(i-scction L)FU la. 
is controlled via the bias ciirrciit of the two 
s c c h n s .  In  this l iqicr wc report (in a continu- 
oiis 1<P tuiiiug from 10 to a l o o  (;Hz measured 
clectr~inically by optical downconversion. 
' rhese microw,ivcimillimcter wavc signals have 
a free running liiiewidth in the nrdcr of a few 
MI Iz, unacceptable for many ;ipplica~ inns.  W e  
achieved stabilizati(in and  linewidth- 
reduction by using self suli-harmiinic locking 
tccliniqne, different from ordinary stili- 
harmonic injectiiin I ~ k i n g .  In  ordinary sub- 
Iiamionic locking, l requcncy ninltiplicatiiin of 
the sub-harmonic is achieved by liver 1nndu- 
Iating a inaster laser with a high-power suh- 
harmonic signal. In  sellsub~liarmoiiic locking 
reported hcrc, frequency multiplication of 
sub-harmonic is achieved via intra-cavity 11011- 

linearily. 'The self sub-harmonically lock sig- 
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CMR7 Fig. 1. 1W spectrum as d fnnclion oC 
cnrrent bias. 


