
Thursday/ 138 

PThDI 
Novel Optical Bisbbility and Hysteresis io Multiple-Quautum-Well 

Lasers 

Gary Chen, Ching-Fuh Lin, Miii-Jang Chen, and Bor-Lin Lee 
Department of Electrical Engineering 

and 
Graduate Institute of Electro-Optical Engineering 

National Taiwan University 
Taipei 106, Taiwan ROC 

Tel 886-2-23635251 ext. 339Fax. 886-2-23638241 

Bistable semiconductor lasers have potential applications in future 
optical communication, optical switching, optical computing, and so on 
[I]  Although gain saturation alone could account for the bistability, the 
inclusion of absorption saturation could make the bistability easier to 
occur [2]. As a result, multi-elecbode semiconductor lasers are usually 
used for optical bistability. In this work, we report that bistability exists in 
the semiconductor lasers without multiple sections. Using multiple 
quantum wells of different widths, both gain quenching and saturable 
absorption could occur in the same region for bistability The 
semiconductor lasers that exhibit optical bistability have four quantum 
wells with their widths 20& 33.4, 56& and l 2 5 G  respectively, separated 
by 150 A Ab,%& barrier. An external-cavity configuration with 
broadband tunability was used for the bistability experiment. Different 
behaviors of bistability had heen discovered for different wavelengths. 
Fig 1 shows an L-I curve with obvious bistability. The details of 
experiments will be discussed in the presentation. 
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Fig 1 An L-I curve at lasing 
wavelength of 816 nm that 
exhibits hysteresis. 
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The resonant =tun of the excitation of surface e le3"apdic  waves (SEWs), i.e. the 
r e s "  dependence of the reflectivity on the incident radiation wavevedor component parallel 
to the interface (swhe), k, leads to the nonlinear phenomena arising and particularly optical bi- 
and multi-stability ~ppearance at relatively small nonlinearities. At such nonlinvinties the field- 
induced variation of SEW wavevectoi, K, becomes comparable with the width, lm(K), of the 
mentioned geometrical (angular) r e m " .  In this paper the thwry of optical bi- and multi- 
stability at the excitation of TM-polarized SEWs via Kre~~chmann attenuated total reflection 
(Am) nchemc (glass prism- metal film-dielechic) in which the dielectric exhibits a relatively 
small one. or huo-photon resonant nonlinearity is presented. The system of equations describing 
the excitation of nonlinear SEWs is presented in eneral fom for arbitrq type of nonline& by 
means of SEW wavevector nonlinear term, 9, It is the Same form which in e m  of cubic 
nonlinearity has ban presented in [I]. The value of K #' is determined via [2] : 

K" - K O  I [ ~ " ( i ) + i K , K , ' P ~ ( 1 ) I . X P ( - K , z ) ~ ,  

where x is the SEW propagation direetion, z is the direction of perpendicular to metaldielectric 
intecfce, p"'. is the amplitude of medium nonlinear QolariZatiOn, K, is the linear term of SEW 

wmwector,L, = (K: - ( m / c ) ' ~ , ] ' ' .  zd is the dielectric pemimvity ofnonlinear medium. In 
the case of one-photon resonance on the dependence of reflectivity on incident radiation intensity 
the hysteresis loop of aptkal bistability arises when the concenhalion of resonant putides 
exceeds the corresponding threshold. That threshold is the function of frequency and wwevectm 
mismatches ( o - m 2 ,  and k-Re(K,) respectively, where ma, is the frequency of resonant 
transition). @tical multistability doesn't arise in the case ofonc&oton resonance. In thc c ~ n  of 
huaphoton resonance both bistability and UisIability may appear on the dependence of 
reflectivity an incident radiation intensity. The corresponding concentralion thresholds me 
het iom of mentioned mismatches. The condition of maximal exhibition of optical tnstability 
has ban established analylically in lhep-nt paper. Whm the field enhancement (the square of 
the field at the interface c o m p d  wilh that in the incident radiation for the linear case) has the 
value of lhe order of IO' , then far bistability appearance in the case of onephoton resonance and 
bi- or tri-stability arising in the case of huephoton rmnanee thc incident radiation field must 
achieve magnitudes of the OrdR of sahlrstion fields for one. and huwhoton resonances 
rerpectively. 

[I] L. M. Koeharym, Solid State Commun . 74 ,193 (1990) . 
[Z] L. M. Kocharyan, I' Dispersion relation for TM-polarized surface elecbomagnetic waves 
guided by boundary of medium with arbiwq type of small nonlinearity", to be published. 

07~-6318-3/OL#$10.0~00 IEEE 


