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Experimental part
The experiments were carried out on epitaxial layers of gallium phosphide (up to 15 µm thick) grown on 

GaP substrates. The epitaxial layers have been doped by REE Gd and Dy (GaP : REE) in the process of crys-
tallisation from the melt-solutions on the base of In in the temperature interval of 975– 670 °C. The cooling 
rate of the solution was varied in the range of 0.5– 4.0 °C/min. The concentration of the REE in the melt did 
not exceed 0.2 wt. %. A part of samples has been grown from the melt treated by a high temperature (900 °C, 
33 h) vacuum treatment. The photoluminescence (PL) measurements were carried out at 4.2–300.0 K. Optical 
excitation was carried out by a DKsEl-1000 xenon arc lamp. InGaAs PIN photodetectors were used as a re-
ceiver of recombination radiation. Then the lock-in nanovoltmeter type 232B (Unipan, Poland) was used for 
impedance matching of the latter signal and narrowband low-frequency signal from amplifier. Amplification 
was performed to the signal modulation frequency (∼16 Hz) of light beam that was determined by the rota-
tional speed of the mechanical chopper. The PL spectra were detected from the illuminated side of samples.

Results and discussion
The concentration of the REE in the epitaxial layers was lower than the limit of detection by X-ray spectral 

analysis. Analysis of the capacitance – voltage measurements shows [10] that the doping of the epitaxial layers 
with shallow impurities is non-uniform over the depth. No electrically active defects with deep levels were 
discovered in the epitaxial layers (in concentrations >1011 cm3 ) by capacitance spectroscopy. Doping with 
REE resulted in a sharp decrease of the concentration of free charge carriers, up to the point of inversion of the 
conductivity to the hole-type conductivity. It intensified the non-uniformity of the charge-carrier distribution 
in the epitaxial layer. 

The typical GaP lines were observed in the PL spectra of all investigated samples (fig. 1): bound exсiton re-
combination of sulphur (NPS ) and phosphorus (NPP), as well as a series of narrow lines in the spectral region of 
535–565 nm on the background of the broad band caused by the donor – acceptor pair (DAP) (fig. 2) involving 
the carbon and sulphur impurities [11]. 

In the near-infrared range (1.4 –1.8 eV) the typical wide I band was observed in all PL spectra (see fig. 1). 
The spectral form and intensity of this band depended on the growth conditions and doping. It is a superposi-
tion of bands with maxima near 1.53 eV (I2 ), 1.69 eV (I3) and 1.85 eV (I4 ) and weak band in the energy region 
of 1.35–1.40 eV (I1), which were observed in GaP : REE (fig. 3). I2, I3, I4 bands were previously observed by 
the authors of work [12] in GaP single crystals. However, their nature was not established.

The introduction of Dy and Gd into the melt resulted in increased the intensity of all PL lines and the appea-
rance a narrow X line localised at 541 nm (fig. 4). Its intensity increased with increasing of the REE concentra-
tion in the melt. In addition, a reduction of the ratio of the intensities NPS / DAP was also observed (by a factor 
of  ∼1.5). On the other hand, a decrease in the intensity of excitation (by a factor of ∼ 4) also resulted in a similar 
decrease in the intensity ratio NPS / DAP. Therefore, the introduction of a REE impurity into the melt is identi-
cal to increasing the excitation intensity. The addition of REE into the melt would also increase the PL intensity in 
the entire experimental range of wavelengths (table 1). This is most likely due to an increase in the lifetime of the 
non-equilibrium charge carriers in GaP : REE (according to our estimates, by almost an order of magnitude).

Fig. 1. PL spectra of standard  
GaP epitaxial layers at T = 4.2 K

Fig. 2. PL spectra of DAP C – S  
in GaP epitaxial layers at T = 4.2 K


