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Optical properties of GaN epilayers of a cubic phase are studied. We show a strong influence of the
sample morphology on intensity of the edge emission. Whereas edge luminescence is reduced at the
grain boundaries, red emission is spatially homogeneous.

1 Introduction 0.25 um thick. GS- and ECR-MBE epilayers were

. : : AIN, GaN or SiC buffer layers. RHEED pat-
Cubic phase GaN shows several encouraging optlcgrown_ on
properties [1] [2] [3] [4] [5]. In particular, it was terns indicated a 3D-growth mode for GS-MBE samples

recently suggested that ionization energy of shaIIov\?nd a 2D-growth mode for ECR-MBE samples.

acceptors in cubic GaN is smaller than that observed f@& Experimental
shallow acceptors in wurtzite phase GaN [6] [7]. If con-

. . X Low temperature PL and time-resolved PL spectra were
firmed, this property of cubic GaN can lead to an P P

) S . measured on a conventional set-up. The 351 nm UV line
increased hole conce_nt_ratlo_n n p-typ_e Iayerg and in COM5t an Ar+ laser was used for the cw excitation. Pulsed
sequence in more efficient light emitting devices. excitation was provided by a mode locked Ti:sapphire
In this work we discuss properties of photolumines-gq|id-state laser with frequency doubling= 340 nm)
cence (PL) emission transitions observed in cubic Galith a pulse length of 2 ps. Monochromatic cathodolu-
epilayers grown by two modifications of molecular minescence (CL) and scanning electron microscope
beam epitaxy (MBE) on (001) Si substrates. The influysgm) images were taken at room temperature in a
ence of surface morphology on “edge” and “red” PL isjeoL JSM-35C scanning electron microscope system
studied. A strong influence of a grain-type structure ofyith a CL attachment in the accelerating voltage of 25
epilayers grown by molecular beam epitaxy (MBE) oniev. For such energy of electrons, the primary electrons
edge emissions is demonstrated. penetrate through whole the sample.

2 Samples 4 Results and Discussion

Epilayers of cubic GaN were grown in CEA Grenoble inIn figure 1 we show the room temperature CL spectrum
a RIBER 2300 chamber on (001) Si substrates by twtaken for a cubic GaN epilayer (GS-MBE sample)
modifications of the MBE method. In gas source MBEtogether with that of the reference spectrum of wurtzite
(GS-MBE), high purity ammonia was supplied directly phase GaN (grown by MBE on Si (111) substrate). A
to the substrate and was thermally cracked in the presiose analogy between the two spectra is observed. Both
ence of gallium. The growth rate was about &h  spectra are dominated by a strong edge emission, shifted
and the substrate temperature was 800with ECR  down in energy by about 200 meV for the cubic epil-
power of 140Watts. GS-MBE samples were 1pi@ ayer. A similar shift is observed between maxima of the
thick. Other epilayers were grown using electron cycloyellow (wurtzite GaN) and the red (cubic GaN) PL/CL
tron resonance (ECR) nitrogen cell. Here growth ratemissions. This shift agrees with the difference of band
was 0.05um/h and obtained GaN epilayers were 0.2 -gap energies of two phases of GaN [1].
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In figure 2 we show a high resolution PL spectrum ofaries. However, the increased density of dislocations
cubic GaN sample taken at 12 K. A substructure of thepparently affects the intensity of the red emission only
edge emission is resolved and is analyzed by us bas&geakly. The reasons for spatial homogeneity of the red
on the time-resolved investigation shown in figure 3.CL are not understood at present. We point out here that
This substructure was seen for each of cubic GaN epikimilar spatial homogeneity was recently reported also
ayers studied by us and was best resolved for the ECRoar the yellow PL of wurtzite GaN [8] [13]. Thus, our
MBE sample grown on a thick GaN buffer layer by thepresent study indicates that the red PL is a close ana-
metallorganic chemical vapor deposition (MOCVD) logue of the yellow PL of the wurtzite GaN. The yellow
method. The position of the observed PL sub-peaks vaemission of wurtzite GaN is explained by the DAP tran-
ies slightly from sample to sample, which is probablysition of shallow donors and deep acceptors [14]. The
due to different strain conditions in the epilayers. Theorigin of the donor and acceptor species participating in
detailed time-resolved PL investigations of PL originthe yellow PL is still disputed but none of the models
were performed for the ECR-MBE sample grown onproposed relates this PL to dislocations. We believe that
SiC buffer (figure 3). Two emissions at lower energya similar situation is also true for the red PL. One of the
show longer PL decay times and are attributed by us tpossible explanations of otherwise puzzling homogene-
shallow donor-shallow acceptor pair (DAP) transitions.ity of the red (and yellow) PL/CL is that the defects par-
The highest energy sub-peak shows the fastest decégipating in the red (yellow [8]) PL are preferentially
time and is due to excitonic transition (likely due togenerated/accumulated in neighborhood of dislocations,
donor bound exciton). Such identification of the twobut not at dislocations, since the red CL is not enhanced
lowest energy sub-peaks confirms previous reports dat grain boundaries.
lower binding energies of shallow acceptors in cubi

GaN than in wurtzite GaN [5].
In f 4 and fi 5 how th ; The present PL and time-resolved PL studies confirm
n figure = and higure > wWe Snow the surtace morsq .o, suggestions on smaller binding energy of shallow

: céu:ceptors in cubic phase GaN. We further show that
force microscopy (AFM). AFM scans show the granular dge and red emissions show very different spatial fluc-

structure of cubic GaN epilayers grown by both GS- an . : ; o
ECR-MBE methods. Similar surface morphology iﬁuanons of intensity. Whereas edge emissions strongly

; ! fluctuate in intensity and are weak at grain boundaries,
observed by us also for wurtzite GaN films grown by y 9

4 ission i tially h .
MBE, thus, seems to be a general property of GaN eplr-ed emission is spatially homogeneous
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Figure 1. Room temperature cathodoluminescence spectra ¢
cubic and wurtzite GaN epilayers grown by the MBE method.

Figure 4. AFM image of the surface morphology of cubic GaN
epilayer grown by GS-MBE
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Figure 5. AFM image of the surface morphology of a cubic

GaN epilayer grown by ECR-MBE. Figure 7. Room temperature monochromatic CL image at 9000
magnification of the cubic GaN epilayers taken with the
detection set at maximum of the edge emission.

Figure 6. Room temperature SEM image at 9000 magnification
of the cubic GaN epilayers

Figure 8. Room temperature monochromatic CL image at 9000
magnification of the cubic GaN epilayers taken with the
detection set at maximum of the red emission.
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