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We report applications of the micro-Raman technique to study the compositional dependence of
phonon modes in graded Al,Ga;_,P layers. The dependence of the phonon frequencies on the Al
content was monitored in a single sample for two different crystallographic orientations. The meas-
ured compositional dependence of the LO and TO phonon frequencies are in good agreement with
results of calculations based on the Modified Random Element Isodisplacement (MREI) model. The
Raman spectra of the samples reveal also the existence of other features due to disorder.

In this paper, we discuss applications of the micro-Raman technique (MR) to graded
semiconductor alloy samples. This technique allows one to obtain information on sur-
faces at two different crystallographic orientations, namely, the [100] sample surface and
the cleaved facet [110], and the graded composition of the sample. Thus, the micro-Ra-
man method allowed us to gain a rapid qualitative evaluation of the composition pro-
file, as well as, to probe the quality of the layer/substrate interface. Previous reports on
MR spectroscopy in semiconductors [1, 2] have not considered these aspects in detail.

First-order Raman scattering from lattice vibrations of Al,Ga;_,P alloys has been
reported in [3 to 5]. These studies were performed for (100)-oriented layers in the back-
scattering geometry using conventional Raman scattering.

The Al,Ga;_,P layers were grown by liquid phase epitaxy on n-type GaP (Ng =
4.0 x 10'7 cm~3) substrates oriented in the [100] direction with a small (4° to 8°) misor-
ientation towards the (110) plane. The layers exhibit a varying Al concentration (0 < x
< 0.7) and thickness (3 wum < d < 12 um). The Al composition profile was determined
by SIMS (Secondary Ton Mass Spectroscopy). The MR experiments were carried out at
room temperature using a LabRAM Dilor micro-Raman system. The samples were
excited with 20 mW of the 632.8 nm line of a He—Ne laser and the scattered light was
detected using a monochromator and a low noise CCD. The measurements were per-
formed in the backscattering geometry. The various experimental configurations are
described in Fig. 1.
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Fig. 1. Experimental configurations. A: confocal mode, the sample is illuminated on the (100) sur-
face stepping 1 um in depth; B: the sample is illuminated on the (110) cleaved facet in 1 um steps;
C: spectral image mode on the cleaved facet; D: line scanning mode along the (110) cleaved facet

In Fig. 1A, the Al composition was studied by scattering off the [100] surface of the
sample toward the epilayer/substrate interface with the laser beam focused with the aid
of a confocal microscope in 1 um steps. In this mode, the system allows one to achieve
an in-depth spatial resolution of ~3 um centered on the focal plane while the lateral
spatial resolution is of ~1 um. In Fig. 1B, the laser beam is focused near the layer/
substrate interface and tracks down along the cleaved facet toward the surface of the
sample in 1 wm steps. This experiment was carried out at the best spatial resolution
achievable with the instrument, ~1 um. In Fig. 1C, the AlGaP/GaP interface was ana-
lyzed by scanning an area of 20 x 45 um?. This was achieved by displacing the sample
with a computer-controlled XY stage. The total area was divided into 3 um? cells and
for each cell a Raman spectrum was obtained. Finally, in Fig. 1D, we used the line
scanning mode, in which the laser beam is scanned across the film/substrate interface
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while the sample remains stationary. Here it was possible to obtain an average Raman
spectrum for each 1 um segment.

In experiments C and D the signal associated with the TO(I") AlP-like phonons was
monitored to get information about the Al compositional profile of the film during
growth, as shown in Fig. 2. This approach has the advantage that it does not require a
vacuum environment, it is non-destructive and less expensive than other techniques
traditionally employed to probe chemical compositions.

The micro-Raman spectra of our samples are characterized by: (i) a two-mode behav-
ior of the optical phonon and its dependence on the Al content, (ii) the appearance of
forbidden peaks possibly due to substrate misorientation, structural disorder and/or
fluctuations of the periodic potential leading to a break down of the Raman selection
rules, (iii) the Raman contribution from the substrate which is due to the transparency
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of GaP to the 6328 A laser line, and (iv) the appearance of second order Raman peaks
also from the substrate.

The Raman spectra from sample in experiment A are shown in Fig. 3a. The domi-
nant features are the allowed GaP-like (392 to 396 cm™!) and AlIP-like (456 to
463 cm~!) phonon modes of the film. As expected, one can clearly see the decrease of
the GaP-like LO(T") phonon frequency as the Al composition increases, while the oppo-
site behavior is observed for the frequency of the AlP-like mode. The peak at 366 cm™!
is due to the TO(T") phonon of the substrate, its intensity increases as the Raman probe
gets closer to the substrate. Although this peak is normally forbidden in this configura-
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tion, it appears because the backscattering geometry is not exactly met. Additionally,
not shown in the figure, we find less intense peaks at 212 (DALA(X, K)), 250
(DALA(X)), 715 (2 x TO(L)), 750 (LO(Z) + TO(L)) and 780 cm~! (2 x LO(X)) due to
second-order Raman scattering from the substrate.

All the features observed in type A experiments were also seen in experiments of
type B, shown in Fig. 3b. However, experiments of type B give richer spectra with addi-
tional features. In particular, some of the spectra reveal a low intensity peak at
~377 cm~!, that is attributed to LO(L) phonons of the substrate. Associated with this
frequency, there is a strong peak in the phonon density of states at the L point of the
Brilllouin zone [6]. We note that this peak appears in experiment of type A in other
samples. In Fig. 3b, we also observe the LO(Z) mode [7] at 390 cm~! and the TO(T)
AlP-like of the Al,Ga;_,P film at about 440 cm~!. In experiment B, the selection rules
are such that the intensity of the TO(T') peaks is much greater than that of the LO(T)
phonon.

To improve the accuracy of our analysis, the spectra taken at different locations in
the sample for experiments A and B were fitted with multi-Lorentzian lines. The fitted
frequencies were correlated with the Al composition profile obtained from SIMS ex-
periments. Using both sets of results, we obtain the compositional dependence of the
Al,Ga;_,P optical modes depicted in Fig. 4. For comparison, the calculated depen-
dences appear also in the figure. We have chosen the widely used MREI model to
describe the two-phonon mode behavior of III-V mixed crystals with reasonable accu-
racy [8]. As expected, this model describes well the experimental results. In Fig. 4 we
also compare our results with those reported in Ref. [9]. As can be observed, the re-
sults of the two calculations are very similar. The small differences arise likely from the
fact that Ref. [9] uses a six-parameter MREI model while we used only four param-
eters with different input values.

In conclusion, we have shown that MR in graded samples can be used to study the
lattice dynamics of semiconductor alloys. Our approach allows us to monitor different
crystallographic orientations and compositional profiling without special preparation.
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