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ln recent years great advances have been made ■n the design and fabr■cation of
mult i―quantum well (MQW)laserse  cW lasing action has been achieved at currents
as low as ■3 mA [1]and at wavelengths well be■ ow that of conventional double
hetero― structure lasers.  Although many laser configurations have been tested,
■ittle has been done to determine the shortest wavelength at which efficient
operation can be achieved.  In this paper we use a quantum mechan■ cal model to
optim■ se the e■ ectron dens■ty of states, carr■ er confinement and radiation
efficiency, and show that efficient operation can be achieved for we■ l widths
as sma■■ as 20Å  with an a■ uminiun fraction of O。 4 in the barrier layers. 。We
report the first efficient operation of MQW lasers with CaAs we■ l at 7550 A and
■ndicate the pr■ ncipa■  cr■ter■ a for design■ng small wel■ MQW ■asers.

The interna■ radiative efficiency of MQW ■asers is given by η = ■/(■ +TR/TNR)
Where TR and TNR are the radiative and non― radiative recombination times respec―
tive■ y.  A high ■aser efficiency can be achieved if TNR iS max■ mized and TR
m■nimized;  this paper is concerned with the minimization of TR as a function
of we■■ w■dth and we■ ■ depth.  Assum■ ng a no k selection rule we wr■ te the ra―
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seen that for a fixed barrier height there exist well widths (a■ moSt equa■ )
which maxinize the carrier confinement, the density of states, the recombination
rate and hence the interna■ quantum efficiency of the laser.

The discontinuity of mass at the CaAs/CaA■ As interface acts to increase the
confinement, ■ncreasing the recombination rate and shifting the peak in figure ■
towards smaller  well widths。   Optimizing the we■■ width in this way we have
ca■ cu■ated the optimum we■ l size as a function of barrier height and mass dis―
cont■nuity and the results are shown in figure 2.  The ■ine represents the
optimum w■ dth for each constituent we■■ in an MQW laser as a function of the
barrier a■ uminium content;  for larger or smal■ er well widths the effiCiency
w■1l be reduced.  We have also calculated the effect of we■ l coupling, and find
that the peak ga■ n is reduced if the inlerwell resOnance energy exceeds the
spectral linew■ dth. Deta■ ls of this ca■ cu■ ation w■1l be presented at the con―
ference.

From the above considerations we fabricated MQW lasers with four 25 A wells and
, [2].  We uSed a separate confinement
ar and lower cladding layers hav■ng an
しive Be and si doping levels of 2 x 1018

structure we obtained CW threshold
currents as low as 42 mA.
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We conclude that
nium content of
lasers, even at
operation should
in the barriers
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the optimization of the wёll width as a function of the alumi―
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We should like to thank Mrs. C. Nozakj. for measuring the well widths and photo-
luminescence spectra of our MQW structures.

■.  Se  Yamakoshi et al.  ■982 1EEE IEDM Technical Digest, p342 (San Francisco).
2.  M. Mashita et al. 15th Confe Solid State Devices & ¥aterials, Tokyo 1983,
C-6-4LN (P54).
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Fig. I The recombination rate (a)
and wj.dths' of the electron (b) and
hole (c) wavefunctions as a
function of well width.
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Fig. 3 l4QW laser structure.
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Fig. 2 The optimum well size as
calculated from the electron
and hole wavefunctions.

7557A

【mW] W・ 5μm
L・ 252
μm

一
7500 7600

755:A
|

0 204060 80:00  7500 7600
Current cmA]

Fig. 4   TyPical I― L curve
and spectrum.
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