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An investigation of the dynanics of radlation of serniconductor GaAs lasers operating in

the pulsetl generation regime has sholrn that the radlation of tbe diodes consist of a sequence

of short l igtrt pulsee vith a perlotl and duratlon'\,10-9 - lO-11 sec [f - b]. The presence

of intenslty pulsations in tbe CW emission of laser cllodes operating [5J prove" that the

enlsgion splkes ar€ due to nonllnear absorption of the racllatlon in the active region of the

diode, and not to the nonstationary nature of the pulse of the inJected current.

We lnvestigated the dlmanics of the enlsslon of a nunber of dlodes vltb threshold

density 6OO - BOO A,/cn2 when cooletl vlth llqu1<l nitrogen. The tlne structure of the racliation

vas lnvestlgated rslth the aid of an electron-optlcal converter (EOC) vlth a tine gveep [6].

The tine nesolution of the inetn&ent was t 3 x LO-lI see. lbe nagnified inege of tbe dlode

vas focused on the EOC cathod.e, so thet it vas poasible to viev on the acreen of the ln-

strument separate regions of the p-n Junctlon, vlth d.inensions on the order of lr0 u. Ob-

servation of the near f1e1d of the diode racllation shovs that the laser emlsslon cones fron

indivldual regions.

The most characteristic picture of the ilevelotrrent of generation i.n the cliocles operating

in the continuous reglne ls the absence of intenslty pulsatlons in the racliatlon of the

channels having tbe Lovest generatlon threshold, even when the threshold is appreciably ex-

ceeded,. At the eane tin€, spikes are obseryed in the rad,iation of channels rhose generation

thresholcl is much hlgher (f.: - 2 tirneg) tiran the diode generatlon threshold. Thus, the

presence of.racliation lossee in the channels leacls to a notlceable increase of the generation

threshold in the channels and, to tire ertiUlichnent of a pulsating rad.iatlon regine. The

spikes racltated by the channels rith htgb thresholtl are essentlally regular and sinilar to

the spikee radlatecl by d.ouble cliodes ruder lnhomogeneous excitation. Flgure I shovs an

oscillograrn of the diode radlatlon in the contlnuous regime, photographed fron the EOC Bcreen.

The inJection current exceeds the threshold by a factor I.9.

It should be noted. that at tlnes rad,lation pulsations are observed alreacly at a enall

excess above threehold (5 - LO%). Such spikes are iregular, and thelr avet'age perlod and,

duration decrease vith increasing inJection current. The dependence of the average perlod of

these pulsatlons on the current le ginilar to the dependence deterninetl,:.n [l+] for single

diocleg operating ln the pulseii regine.

Spectral investigations of the radiatlon of laeer tliodes operating ln the contlnuous

regime vere mad.e vith the aid of a spectroreter vlth resolutlon I 0.5 i. At a slight excess

Fig. 1. Oscil lograra of continuous cliod.e
emission, photographed from EOC screen.
InJection current 1.9 tines threshold..
Sveep cluration l0 nsec.
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Ftg. 2. Oscil lograns i l lustrating different
cliocle operating regines: a - stationary
diode eniss ion,  I /116-  = L.6)  b -  u l t rashort
spike regine, I/1611'? 2; c - regutar spike
regime, I/Ith, = 2.2. Sveep duration 10
nsec .

above threshold, vith the diode radiation stationary in time, the half-vidth of the enission

spectnm vas 2 - 5 i, a,nd no discrete l ines corresponding to the laser resonator modes were

observed in the spectrgn. The regular-pulsation radiation regime corresponds to the onset of

generation from a new laser channel, enritting a spectral line shifted 10 - 15 i towards the

shorter vavelengths compared vith the earlier spectrum. lhe half-vidth of the emission speetnrn

of the nev channel is afso several Angstroms. The emission of a shorter-vavelength spectrun

by the channels operating in the regular-pulsation generation regirae is evidence in favor of

the a.ssunption that such channels have appreciable absorbing regions.

Sirnulta.neous generation of spikes vith a sligtrt tine delay from neighboring closely-

lying channels car apparently lead, to the appearance on the oscillograrns of the ultrashort

spikes, vith perioct o.o5 - 0.1 nsec, vhich vere observed earlier in [l+]. The ultrashort-spike

racliation regirne sometimes precedes the appearance of regular pulsations. Figure 2 shows

diode-radiati.on oscil lograms at different inJection currents, i l lustrating the occurrence of

ultrashort pulsations. Oscillograrn a shovs the stationary radiation of the diode vhen the

thresholtl is exceed.ed. by 1.5 times. 0scil lograrn b corresponds to the generation thresholcl ex-

ceeded 1006. Further incr.ease of the pump current leads, as the result of the large lnterac-

tion betveen the neighboring cha,nnefs', to synchronization of the racliation of the channels

[7] ana to establishnent of a regine of si.nultaneous genetation of spikes whose period is

several t ines larger tha.n the perlod of the ultrashort spikes (oscil lograns e, ratlo of in-

Jection current to the threshold 2.2). The broadened emission spectrum of the investigated

dio4es offers evidence that the ultrashort spikes can be generated by nelghboring interacting

channels located in one ratliating region ancl having overlapping speetral lines.

Ttre tine structure a^nd, the spectral compositlon of the racliation of'the lnvestigatetl

diodes differs little lrhen operating in the contlnuous generation regine frorn the characteris-

tics of racliatlon in the pulse regime. In both r€gimes, the regular puJ-sations appear vhen

generation is establlshed i.n the radiation channel vith high generation threshold.

Thus, investigations of the clyna,nics of radiation of atiocles operatlng both in the con-

tinuous and in the pulsecl regiroes shqw that the nain necha,nlsm cleteruining the aBpearance of

pulsations in nonlinear absorption of ractiation by sections in the active reglon of the dlodes,

resulting frorn the uneven distribution of the inJection current or from optical inhonogeneity

of the p-n Junction itself.

The authors are grateful to V. N. Morozov for a discussion of the results.
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