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The effects of hydrostatic pressure on the InP:Yb luminescence were explored
using a gasketed diamond anvil cell (DAC). The pressure dependence of the
Yb** luminescence shows a small positive shift (0.96 meV/GPa) at low pres-
sures (< 4 GPa) and a negative one (-0.04 meV/GPa) above 4 GPa. The
spectra of the Yb3+ emission differ markedly in these two pressure ranges. It
was concluded that intra-4f-shell transitions of the Yb®** on indium substi-
tutional (Ty) site dominate in the spectrum above 4 GPa, whereas at lower
pressures the emission has a different nature.

PACS numbers: 71.55.Eq, 78.55.Cr

In spite of improvements in the growth techniques, the quantum efficiencies
of the RE-related luminescence in III-V materials are usually poor. The only
exception is InP:Yb, which shows strong Yb-related luminescence at 1 pm [1, 2]
(see also Fig. 1). In contrast to the behavior usually exhibited by the RE-s dopants
which tend to form several different centers, as, e.g. it is true for Er in GaAs [3], all
the InP:Yb samples reveal the same Yb-related emission spectrum. For ambient
pressure at 4 K, this consists of three relatively sharp zero-phonon lines at 1.230eV,
1.238 eV, and 1.242 eV. The strongest 1.238 eV line is accompanied by a broad
band of local phonon replicas. Zeeman [8], photoluminescence excitation (PLE) [5],
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and electron paramagnetic resonance (EPR) [6] experiments led to the conclusion
that the spectrum is due to the 2F5;5 — 2F7/, intra-4 f-shell transition of an Yb3+
ion replacing indium on a substitutional site (T; symmetry).
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Fig. 1. Spectra of the Yb-induced emission in MOVPE-grown n-type InP:Yb for dif-
ferent pressures, at 6 K.

The pressure dependencies of the Yb-related luminescence are presented in
Figs. 1 and 2. In the low pressuré range, the 1.238 eV line (ascribed by Aszodi et
-al. [4] to the I's — I's transition of the Yb3* cubic center) and its phonon replicas
dominate in the spectrum, revealing weak pressure dependence (0.96 meV/GPa).
Above 4 GPa, the 1.238 eV line disappears abruptly, and two new lines (E and F),
showing very small negative shifts, become dominant. The energy of the F line at
ambient pressure, extrapolated from its pressure dependence at high pressures, fits
perfectly with the position of the 1.242 eV line, which was assigned to the I's — Ig
transition of the cubic Yb3+ center. Serious problems are met when one wants to
describe the pressure evolution of the Yb-induced luminescence in a picture of a
cubic Yb3t center [4). These are due to very different properties of the emission
below and above of 4 GPa (see Figs. 1 and 2). The very simple energy structure
of the Yb3+ T, center offers only two possible explanations for these ”4 GPa”
anomalies : a I's(>F5;2) — I's(*F5/) crossover and an abrupt change of the Yb3+
center symmetry that should occur in the vicinity of 4 GPa. We can probably
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rule out the last possibility, because a solid-state phase transition in InP is not
expected till 10.6 GPa [7]. As far as the I's — I's crossover is concerned, transitions
from the I's state, which is assumed to be the lower crystal-field state of the 2F5,
spin-orbit level, should dominate in the spectrum at low pressures (< 4 GPa),
whereas, at higher pressures the role of the transitions from the I's state should
increase. Therefore, the 1.238 eV line should be assigned to the Iy state, but the E
and F lines, whose zero-pressure energies are 1.245 eV and 1.242 eV, respectively,
to the I's state. Unfortunately, this description disagrees totally with the energy
structure postulated for the cubic Yb3+ center.
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Fig. 2: Pressure dependences of the Yb-related emissions in MOVPE-grown n-type
InP:Yb, at 6 K; the solid lines represent linear fits to the experimental points.

Hence, we conclude the 7”4 GPa” anomalies cannot be understood in the sim-
ple picture of a single Yb3+ cubic center, and we are dealing with two Yb-induced
emissions of different origins. In contrast to the postulated energy structure of the
Yb3+ Ty center in InP, a point-charge model predicts, for Yb3* at a substitutional
(T4) cation site [8], I's and not I's to be the lower-lying crystal-field state of the
2F5 )y level. Then, according to the symmetry selection rules for MD transitions,
only two I's — I's and I's — I transitions are allowed from the I's state. That
would agree nicely with the spectrum observed at high pressures, where lines F
and E dominate. Therefore, it is likely that these lines come from the Yb3* cubic
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center and the 1.238 eV line has a different orgin.

The abrupt change of the Yb-induced luminescence spectrum observed in the
vicinity of 4 GPa (see Figs. 1 and 2) seems to be a result of the appearance of the
Yb2+ /Yb 3+ level in the InP gap. The level probably moves out of the conduction
band at about 4 GPa. In this way, a new, and very efficient, excitation mechanism
of Yb3t emission would become active at higher pressures. This consists of electron
capture on the Yb%+/Yb 3t state, followed by nonradiative electron relaxation,
resulting in excitation of the Yb3+ 4f shell [9].
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