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COMPOSITION DEPENDENCE OF CATHODOLUMINESCENCE EMISSION OF Al Ga,_ P
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Cathodoluminescence of Al Ga;_, P has been investigated for x between
0.10 and 0.53. A band corresponding to the 610 nm band of pure GaP
has been found to shift to higher energies with increasing x. The
position of a red band centred at 690 nm is independent of x.

THE Al,Ga,_,P ALLOYS present intcrest for opto-
clectronic devices in the visible region because the
band gap increases by increasing the Al content and
the emission peaks shift toward higher cnergies.
Luminescence {1-3] and electroreflectance [6, 7]
techniques have been used to study the optical tran-
sitions of these alloys as a function of x, but their
optical properties are in general scarcely known.
Previous luminescence works refer mainly to the
dependence of the green emission peak position on the
alloy composition. Sonomura et al. [3] found that the
cnergy gap and the green band electroluminescence
emission peak vary linearly to the high energy sidc as
the Al concentration increases. The luminescence
spectra from GaP show bands in the green and red
regions that are often observed under different exci-
tation conditions. The bands are composite in charae-
ter and the appearance of specific peaks depends on
the defect or doping structure. In particular a peak at
about 610 nm is observed in annealed GaP [8]. After
some treatments the 610 nm emission can appear as
the main luminescence band replacing the near band
cdge luminescence at about 560 nm {9]. In the present
work cathodoluminescence (CL) is used to study the
influence of Al content on the mentioned 610 nm band
and on the 700 nm emission band of GaP. The com-
posite character of the latter band has been previously
studied by photoluminescence [8] and CL [10]. The
possible spectral shift of these bands would be related
to the shift of band gap value of Al Ga, P alloys as
a function of x.

n-type samples of Al Ga, P were grown by
metalorganic chemical vapor deposition (MOCVD)
on (00 1) n-type substrates. The thickness of epitaxial

layers was 5 pm. The parameter x ranged from 0.1 to
0.53. The Al contenl was determined by electron
probe microanalysis. The samples were also charac-
terized by double crystal X-ray diffraction. The full
width at half maximum (FWHM) of the alloys peaks
{(004) reflection) are about 32.7° which clearly
indicates a good crystalline quality {the GaP substrate
has a FWHM of 28.2"). The samples were observed in
the emissive and CL modes in a Cambridge S4-10
scanning electron microscope. Low temperature
(173 K) spectra were recorded by means of a light
guide feeding the light to an Oriel 78215 computer
controlled monochromator. In cases of low signals,
spectra representing the average of a high number of
measurements are readily obtained. The spectra were
correcied to include the system spectral response.
The spectra obtained from all the observed
samples present several low intensity peaks in the
green-yellow band, below 600 nm. An intense broad
band centered at about 700 nm is also observed. When
the spectra are recorded under the normal observation
conditions of the SEM, with the electron beam
focused on the sample the mentioned peaks in the
green region are detected. However, with a defocused
beam the intensity of the red band increases and peaks
in the region 3500-600nm are not rcsolved. The
increase of the red CL emission by defocusing the
electron beam has been previously observed in GaP
[11]. Tn order to study both, green and red bands of the
Al Ga,_.P alioys defocused and focused electron
beams were used. Due to the large scale differences,
spectra below and above 600 nm are separately rep-
rescnted in the following figures. Figure | shows the
spectrum below 600nm of the alloy with x = 0.30.
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Fig. 1. Green-yellow CL spectrum obtained by focus-
ing the electron beam onto the sample (x = 0.30).

The arrowed peak appears at 585nm in this sample.
The peak energy has been found to increase linearly
with x as Fig. 2 shows. Extrapolation to x = 0 shows
that this band hereafier called green-yellow band
corresponds to the 610 nm band of GaP mentioned
above. The equation of straight line of Fig. 2 is
E = 2.03 4 0.38x (eV). Figure 3 shows the spectrum
above 600nm of the alloy of x = 0.3. The peak
position of the deep level band (690nm) has been
found to be independent of x. Comparison of the CL
intensity of all the samples has shown that the increase
of x leads to a slight reduction of the green yellow and
red emission bands. The CL images of the samples do
not show structural features, as for instance dislo-
cations, that could causc the observed reduction.
The variation of the green-vellow band with x
observed here is close to the variation of the near band
gap edge described in [3] which was found in the same
work to be parallel to the change of the band gap
energy with x. The 610 nm emission of GaP is attributed
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Fig. 2. Composition dependence of the green-yellow

band position.
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Fig. 3. Red emission spectrum obtained with a defocused
electron beam (x = (.30).

[8, 9] to annealing induced defects. Assuming that the
position of the energy level associated to these defects
is not composition dependent, the observed spectral
shift as a function of x would be a direct consequency
of the increase of energy band gap with x. On the
contrary, the red band cannot be related to any band
gap changes although its intensity has been found to
depend on x,
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