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Localised vibrational mode infrared absorption (10 K) and Hall measurements were made on a series of Si doped Al xGa1-xAs samples with
0 < x < 0.25 grown by liquid phase epitaxy. Localised vibrational modes
were detected from SiGa donors, Sim acceptors and SiGa—SiAs pairs which
increased in frequency as x increased. The assignments of new lines observed
at 386, 388 and 391 cm -1 are discussed in relation to possible perturbations
of the lines from SiG a or SiAs. The presence of DX centres was inferred from
observed persistent photoconductivity and attempts were made to relate this
result to the presence of the new IR lines.
PACS numbers: 78.30.Fs, 63.20.Pw, 61.72.—y

Silicon is the most widely used n-type dopant in GaAs and AlGaAs. All the
essential features of its amphoteric behaviour in GaAs grown by the Bridgman,
liquid encapsulated Czochralski and molecular beam epitaxy (MBE) techniques
are now understood as a result of investigations using infrared (IR) localised vibrational mode (LVM) absorption spectroscopy [1]. These measurements have led
to calibrations relating the integrated absorption of the various lines to the concentrations of SiG a donors, Sim acception and SiG a SiAs donor-acceptor pairs,
etc. [2]. We are aware of only one publication describing similar measurements for
MBE ΑlxGa1-x Αs with x <0.2 [3] but assignments of LVM lines are not in general
available for this material grown either by MBE or liquid phase epitaxy (LPE). In
addition, the microscopic mechanism of DX-centre formation remains unclear for
-x Αs for alloy compositions x > 22%, or
both GaAs and AlGaAs [4]. In Al x Ga 1
in GaAs under high hydrostatic pressure, some fraction of the silicon impurities
are present as DX centres [2]. The Si atom is believed to go off-centre towards an
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interstitial position and thereby breaks one of the original nearest neighbour Si-As
bonds [5]. This state is stabilised when the ionised Si donor captures two electrons
(negative-U system). There is much experimental evidence to support this view
[4], although there is still no consensus concerning the magnitude of the lattice
relaxation. LVM absorption spectroscopy is a direct method which can be used to
determine the lattice sites of the Si-impurity in both the relaxed (deep DX - state)
and unrelaxed (shallow hydrogenic state) states. Only one such absorption experiment has been carried out [6] on GaAs while it was subjected to a high hydrostatic
pressure but there is still discussion about the interpretation of the results [1]. A
clarification might ensue from studies of AlGaAs:Si for which the application of
high pressure is not required for the formation of DX centres. The purpose of this
paper is to report LVM measurement8 for a series of LPE Si doped AlxGa1-xΑs
samples with values of 0 < x < 0.25.
The samples were grown by LPE at a temperature T = 900°C to a thickness of 3-5 μm withxintherag0o.25TsmplewithoAcns
(ΧΑ! < 0.05) grown from melts containing 7 mol% of Si were p-type and were highly
compensated. Samples with higher Al contents (ΧΑ! > 0.1) grown from melts containing a lower amount of silicon (x Si = 5 mol%) were all n-type with free carrier
concentrations ranging from 1.0x 10ί 7 to 1.0x 10 18 cm -3 . Persistent photoconductivity (PPC), characteristic of the DX centres [4], was observed from samples with
x > 22% by both Hall-effect and IR-absorption measurements. Fourier transform
IR-spectra were obtained with a Bruker IFS120HR interferometer at a resolution
of 0.25 cm -1 and with the samples at T 10 K [1].
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IR absorption lines from SiGa, SiA s and SiG^ SiA s pairs were observed in the
various samples except that from SiG a in the material with the highest values of x
(Fig. 1). The concentration of each species was estimated for the GaAs sample
using calibration faction (each with a quoted accuracy no greater than ±10%) [7],
leading to [SiG a] = 1 x 10 20 cm -3 , [SiA s = 8x 10 19 cm -3 . In principle, the difference
([SiG a] - [SiAs ]) yields the net free carrier concentration, assuming that there are
no other donors, acception or deep traps present. According to this procedure,
the crystal is expected to be n-type with n 2 x 10 19 cm- 3 but since we take
the difference between two large quantities the accuracy is limited, explaining the
apparent disagreement with the Rail data which indicates that the sample is p-type
with p 2 x 10 15 cm -3 .
As the Al-content was increased from x = 0 up to x = 0.25, all the Si-related
sapSanirGsdLVM,ΑhfAtemo icaly ghrfequns
by 1.5 cm-1 , except for the Sim LVM. Any changes in the full width at half
maximum (Δ) of the lines were less than 10% of the initial line widths, which
were 2.6 cm -1 for the Sim and SiG a SiΑ s LVMs and 2 cm -1 for the SiGa
mode: the large values of Δ result from the high impuríty concentration. As the
Al concentrations increased, there was a progressive appearance of three new lines
on the high frequency side of the SiG a LVM (Fig. 1). A line at 386 cm -1 was
observed for x > 0.03, the second at 388 cm -1 for x > 0.1 and the third at
391 cm -1 for x > 0.25. The 384 cm -1 line (SiG a ) became weaker with respect
to the new lines and was not detectable for x > 0.25. The SiG a SiA s LVM at
393 cm -1 exhibited no broadening or "splitting" while the SiΑ s LVM at 399 cm -1
showed only a small shoulder at a higher energy of 400 cm -1 for x > 0.14.
For x = 0.22 and x = 0.25 a substantial freeze-out of free carriers (n)
was observed by both IR-absorption and Hall measurements when the sample was
cooled in darkness: at Τ < 77 K the n (Hall) was reduced by an order of magnitude
from its value at room temperature (2 x 10 17 cm -3 ). Subsequent illumination
of the samples while they were maintained at a low temperature resulted in an
increase in n and there was no reduction when the illumination was removed. This
persistent photoconductivity implies that the free carriers (electrons) were trapped
by DX-levels. Nevertheless, expected correlated changes of the Si lattice sites were
not observed in IR spectra. That is, no new LVMs were produced and there were
no changes in the strengths of the lines observed prior to the illumination.
If the vibrational mode of Si(DX) in GaAs were at 376 cm -1 (extrapolated
frequency for zero pressure) [6], the line would not be observable for values of
x > 0.22 because of the overlapping absorption from the "AlAs"-like reststrahl
(see Fig. 1). It might then be argued that the formation of DX centres explains
the decrease in the strength of the SiG a line as the Al concentration was increased.
Nevertheless, the presence of one or more perturbed shallow donor lines should
still be expected in illuminated samples. Since all the SiG a atoms would have four
As nearest neighbours and vibrational amplitudes associated with LVMs normally
involve only the impurity and its nearest neighbours [8], any changes in their vibrational frequencies would be small. A second possibility is that lines 1abelled
1-3 are due to Si atoms located in DX configurations with second nearest neighbours interactions with Al atoms. However, it is then difficult to understand why
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changes in the strength of these lines were not observed when the samples were
illuminated at low temperature. Alternatively, the new modes 1-3 may be due to
SiAs modes modified by the presence of one or more Al nearest neighbours. This
would produce centres with C3v (2 modes) and C2v (3 modes) etc. leading to the
removal of the threefold degeneracy of the original LVM. Additional modes could
be obscured by other lines due to SiG a SiΑ s pairs and/or SiA s . The weak feature
at 400 cm -1 could be due to one of these modes. Although new lines have been
found in this study of AlGaAs grown by LPE, further work is required before a
definitive interpretation can be proposed.
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