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hlaltiiig use of numerical siiiiula.t,ioas we study tlie t1raiismission cliaracteristics of a twin core 
nonlinear directional coupler usiiig a noli-Kerr-like noilliiiear refractive index semiconductor. 
Our results suggest t,liat liigli order multiplioton susceptibility plays an important role in 
i.he perforinance of t,lie clevice. 

I. 11itroduc:tion twin-core iionlinear directional coupler. 

A11 optical switcliiilg devices are attractiiig consicl- 
erahlc intcrost as fast switcliiiig co~i-ipoiieiits for futiire 
higli-11it.-ratc: systrems. If niat,erials wit,li fast respoiicling 
iioiilinearitivs are used. optical clevices shoultl 0pera.t.e 

at. fa.r Iiighei rales thail tlie elect,roiiic devices. 

Opt,ical iibre couplers 1ia.ve beeii of iiit.erest. for t,lieir 

poteritial aplicatioris lo iilt,ra.fast a11 optical signal pro- 
cessing! lilte optical swit,clies. Previous stiiclies of soli- 
toli swit,cliiiig in opticnl fihers couplers Iiavc shown 

excellent snit,ching caract>eristics,~irit~li switcliiiig e[$- 
cieiicy aroung 96% for a wide range of input eiiergies[']. 
Kec~critly reported results iil a fibre mith liilear and 
yuadrat,ic (11x1-Kerr) iiiteiisit,y dcpendeiit refractive in- 
dex sliow t,lic possibilit,y of a l~istahle solitary wave 
regime[']. 

Sucli typ: of ilonlinenrit,y cal1 1x3 attributed to vari- 
ous piocesse:;, in pa.rt,icrila.r with t.lirec-pliotron suscept,i- 

11ilit.y. The t.liree phot,oil cross section in iiiost iilal.erials 

is w r y  sinall. IIowever reccnt rcsult,s oii noi1liilea.r di- 

rectional coiiplers made of XlGaAs and AlGaAs/Ga.As 

quantuiii wells shows t,liat. three-pliot,oii siiscept-ibility iii 
t,lie qua,nbuin w l l  iioiiliiiear directioiial coupler is mucli 

stroiiger t,lial in bullí u.aveg~ides["~]. Iii t,his case the  

rnultiphot.ori absorption lead t o  scvere 1iiiiit.at.ioiis o11 
tlie swit.cliiii;; caracterist,ics. Tliis effect coulcl also ap- 

pcai iii fibre:; doped wii,li seriicondiict.or naiiocrystals. 
In tliis kind of material, liigh values foi t,he noriliii- 

ear suscept,ibilities w r e  r e p ~ r t e d [ ~ . " ~ ~ I  wit.11 Xí3) raiiging 
froiri 10-7 to 10- l2  e.s.11. aiid t,he higher order suscep- 

tibilities ,y(" = 1.8.10-~'' a.nd X(7! = 3.2.10-I$ e.s.u. 

Iii tliis paper we examiiie the effect of tlie iioii-Iíerr 
like rioiilinea:. index coiitril~ution iii tlie beliavioiir of a 

11. R e s u l t s  and discuss ion 

The propagation of ultrashort light pulses in a non- 
linear fihie clirectional coupler can be described in 
terms of two linearly coupled generalized nonliiiear 

Schrodinger equatioiis. If we denote the mode ampli- 

tudes by u and v ,  and use soliton unitsL1], we can write 

wliere u aiid v are tlie moda1 field amplitudes in soliton 
uiiits iil cores 1 and 2 . E aiid r are the normalized 
leilgt,li aiid time in soliton units where [ = z / L D  and 
r = t/To. Where LD = T:/I,B~~, TO is the pulse width 
aiid is tlie dispersioil term. 

1% will coiisider only the negative case,that corre- 

spoiids to  negative group velocity dispersion. K is the  

usual coupling coefficient with a iiorrnalization involv- 
iilg tlie soliton caracteristic dispersioii length LD.  I t  

where L, is the linear coupling length required for com- 
plete trailsfer of energy from one core to the other. A 
nonliiiear coupler, shotvn schematically in Fig. 1 con- 
sist,s of two closely spaced, paralell, single mode waveg- 

uides iii a material with an  intensity-dependent index of 

refraction. Small signals introduced in core (1) transfer 
complet,ly to core (2) i11 L,. Higher intensities induces 

cliaiiges in tlie refractive index and detuile tlie coupler. 
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Figure 4: i\ onlinear transrnission of first order solitons 
througli a ír/2 twin-core nonlinear opt,ical couplcr (core 1). 
Tlie inpiit erergy is nor~tialized rvit,li Pt = '2:1PC, Ti- = 1, 
(+)e = o,  p i e  = 1 0 - ~ ?  (*)e = 5 . 1 0 - ~ ,  (n) e = 1o- l .  

Figure 5: Sol tori switching ~vitli I< = 1. 6 = 10-l .  p = 
0.34PL from core 1 (a) to core (2) (b).  

TIME 

Figure 6: Ext,ract from Fig. 5, (continuous line) input soli- 
ton in core 1: (dotted line) switched soliton in core 2. 

Iii Fig. 7 we have the pump and switched pulse in 

the same configuration as before but with high energy 

(P > P,). In this situation the deformation is stronger 

leading to a pulse compression due to  the power dis- 

criminatory performance of the coupled waveguide[". 
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Figure 7: Soliton switching with I( = 1, 0 = 10-', P = 
2P,, (continuous line) input soliton in core 1, (dotted line) 
swit.ched pnlse iii core 2. 

Tlie transmission behaviour of the directional cou- 

pler iinder the effect of this nonlinearity is in agree- 

ment with recent results which show that  quasi-soliton 

beliaviour could appear uncler the effect of the multi- 

plioton susceptibility[']. I t  was shown (Ref. 5) that  

tlie solitary wave solutions from the generalized non- 

linear Schrodinger equation are not solitons, because of 

tlie partially inelastic collisions observed. Nevertheless 

these pulses a,re stable under smail perturbations. 

These results suggests that  the high order effects 

could destroy tlie performance of the nonlinear direc- 

tional coupler and should be taken in account in the 

fiiture clevelopii~ent of these devices. 
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