Defect annealing in a 1I-VI laser diode structure under intense
optical excitation
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Defect annealing under intense pulsed optical excitation has been observed in a [I-VI laser diode
structure at room temperature. More than one order of magnitude increase in photoluminescence
intensity has been obtained when the annealed area is probed at low excitation intensity.
High-resolution confocal photoluminescence images of the annealed region do not show any sign of
degradation. Together, these results suggest that an initial density of intrinsic point defects present
within the active region can be removed by the optical annealing. Recombination-enhanced defect
reactions in the vicinity of the point defects are responsible for this nonthermal annealing effect.
© 1998 American Institute of Physidss0003-695(98)00502-§

Macroscopic defects originating at the GaAs/ZnSe hetsingle quantum well separate-confinement heterostructure
erointerface such as stacking faults and threading dislocdSCH) grown by molecular beam epitaXiMBE). The SCH
tions have been recognized to be the main cause of the rapgdructure is similar to the laser structure reported before,
degradation and, therefore, the very short operating lifetimexcept that a part of thp-type layer has been removed by
of II-VI-based laser diodes.* Considerable effort has been chemical etching to allow optical pumping to be performed.
put into reducing the stacking fault density to less than the  The sample was annealed at room temperature by optical
critical value of 1 cm 2 in order to obtain a laser diode excitation using a synchronously pumped mode-locked dye
with no extended defects in its stripe ardgypically, laser operating at 440 nm and providing 5 ps pulses at a
10 umx600um). At present, a 100 h lifetime continuous- repetition rate of 76 MHz. We term this the “pump” beam
wave laser diode operating at room temperature has bedor our studies. An excitation spot was formed at the quan-
achieved with a stacking fault density lower than 3 tum well by displacing the stationary sample axially from the
% 10° cm™2.° For further improvement, slower degradation focal plane of the objective lens. The excited region was then
mechanisms, such as point defect diffusion and reactiorgrobed using the 458 nm line of a continuous-wag®)
need better understanding. Ar-ion laser. We term this the “probe” beam. We used the

It has been shown recently that recombination-enhancegr-ion laser for the probe PL measurements due to its supe-
defect reactio(REDR) is the driving force of the degrada- rior signal-to-noise ratio. Both pulsed and cw beams are spa-
tion in relatively long-lived 11-VI light-emitting diodeS. tially overlapped to probe exactly the pumped spot. The PL
Recombination-enhanced processes in semiconductors haygs dispersedyba 1 m spectrometer and imaged onto a
been thoroughly studied over the ye4r8 REDR describes  optical multichannel analyzer camera. PL confocal imaging
how the energy released by nonradiative carrier trapping afas achieved by placing the quantum well in the focal plane
point defect sites can excite localized vibrational modes obf the 0.6 NA (numerical apertupeobjective lens, raster
the defect and of the surrounding atoms, before being dissiscanning the sample in the plane of growth, and imaging the
pated through lattice phonons. This energy can be used toL through a pinhole in the detection platte.
promote defect motion and reaction, inducing defect multi- Figure ¥a) shows a 168 160um size PL imageob-
plication (degradation or, alternatively, defect reduction served with the probetaken after exciting a spot of about
(annealing. 120 um diameter with 350 W/c(pump beamfor 90 min.

In this letter we report an improvement in photolumines-one can see the absence of dark spot defects and the subse-
cence(PL) efficiency in a ll-VI laser diode structure using quent(100) dark line defects which are usually observed and
high intensity laser excitation. Instead of observing degradanhaye previously been recognized as the principal cause for
tion, we find that the PL efficiency increases as a function othe rapid degradation of the active layer in 11-VI laser
time through optical annealing of the 1l-VI material. PL diodes!~Instead of this, an increase in PL efficiency can be
maps of the annealed area were also performed using a cogpserved in the area previously submitted to intense optical
focal microscop¥ setup(0.5 um resolution and show that  eycitation. As a comparison, Fig( shows an image taken
no degradation occurred in the active region during the anafter exposing a similar laser structure with much larger
nealing process. . stacking fault density to the same excitation conditions for 9

The sample studied was a ZnCdSe/ZnSSe/ZnMgSSgin In this case, fast growing dark spots and rapidly propa-
gating dark lines can be observed within the active region,
dElectronic mail: jordanc@tcd.ie causing a dramatic decrease in PL efficiency. Annealing of
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FIG. 1. 160<160um PL micrographs of two ZnCdSe/ZnSSe/ZnMgSSe ®* . e o o
laser structures taken after exciting a spot of aboutA@0diameter with an It . sl MR Ty Bl
average power density of 350 W/&ror (a): 90 min; and(b): 9 min. 10 100 1000

PROBE INTENSITY (W/cm?2)

the nondegraded areas inside the excited spot can also be . _ . .
observed FIG. 3. PL enhancement fact@atio of the PL intensity inside and outside

) o ) o . _ the annealed sppineasured after 60 min of annealing as a function of probe
We believe that this increase in PL efficiency is an in-intensity.

trinsic property of the II-VI material and that it is similar to
the recombination-enhanced defect annealing phenomenan

observed during aging studies in IV laser diodes grownfunction of annealing time. We see that during the time

by MBE and by metalorganic chemical vapor deposifidn. frame of our measurements an ingrease in PL intens_ity of
High electrical injection in these devices can enhance poing'€ater than a factor of 4 was obtained and no saturation of
defect diffusion, hence rearranging their position in such 41€ annealing process occurred. In addition, no spectral shift
way as to decrease their density. As point defects also act & broadening of the PL spectra was observed.

nonradiative centers of recombination, the annealing process After annealing, a confocal micrograph of the annealed
will result in an increase in PL efficiency. The absence off€gion was taken. No dark spots/lines were formed during
dark line defects for the sample in Figal allows a definite  the annealing process. More careful inspection inside and
conclusion of REDR as the annealing mechanism. The predust around the spot using a 0.9 NA objective lens did not
ence of such defects for the sample in Figo)Imakes the show any evidence for agglomeration of point defects into
interpretation of the annealing mechanism much more difficlusters. Such clusters were first recognized by Haugen

cult. etal’® and usually emanate from macroscopic defects
In order to quantify this increase in PL efficiency, we Presentin the active region. _ _
carried out the following stepsl) We excite with the pico- The increase in PL efficiency is only relative and de-

second dye |asdﬂ40 nn') with an average pump excitation pendS on the excitation intenSity of the prObe Ar-ion laser. In
intensity of 1 kw/cn. (II) We switch off the picosecond Fig. 3 we plot the PL enhancement ratio, defined as the ratio
laser and probe the annealed spot with a cw Ar-ion &8 Of the PL inside and outside the previously annealed spot, as
nm) at a probe intensity of 50 W/cn Stages | and Il are @ function of probe excitation intensity. We can see that at

then repeated. The 26m diameter spot was annealed for 60 10w probe excitation {-20 W/cnf) the PL enhancement ra-
min. Figure 2 shows the gradual increase in PL intensity as 0 is more than 30 and that it gradually decreases with in-
creasing excitation to become negligible at high excitation
intensities (0.5—1.5 kW/cf. This behavior is a direct con-

sequence of the saturation of nonradiative centers of recom-
o | bination with increasing carrier densities. We see that an-
nealing reduces the density of point defects but that we are

only sensitive to this effect at low probe excitation intensity.
It is clear that, in our case, the annealing behavior is not
due to global heating of the lattice as we observe a redshift of
. ] only 11 meV between the PL excited with the pump beam

o® 1 (1 kwi/cn?) and the PL excited with the probe (50 W/&m

I * ] Assuming that the band-gap shrinkage is only caused by lat-
21 ° ] tice heating, the shift would suggest a temperature rise of
r ] about 15 °Ct* which is well below the growth temperature
0

PHOTOLUMINESCENCE (a.u.)
[9%]
T
®
i

] of [I-VI materials. On the other hand, we found that carrier

' L ' L . . recombination is required for annealing to occur because

10 20 30 40 50 60 70 pumping below the band with a 532 nm laser beam is found
ANNEALING TIME (min.) to be ineffective in annealing the material.

FIG. 2. PL increase as a function of annealing time ofu20 diameter spot The work of Watkins mdlca_tes_ that mterstltlgl 18

annealed for 60 min at an average pump excitation intensity of 1 kév/cm Mobile at room temperature while its Frenkel pair, the Zn

The excitation intensity for the probe was 50 Wfcm vacancyVy, is stable'® Carrier recombination may further
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