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Gallium Nitride has shown a great potential in diverse optoelectronic and electronic 

applications, including high power and high frequency devices. One of the most important 

issues related to parameters is fast and accurate determination of carrier concentration in 

different parts in the device structure; this issue is crucial for technology.  

In this communication, we show that  

micro-Raman spectroscopy is a great 

measurement tool providing a fast, 

contactless and noninvasive method 

that can be used for evaluation of local 

carrier concentration in nitride 

structures. As test samples, epitaxial 

layers grown on highly doped GaN 

substrate were used. 

It is commonly known that in polar 

materials like GaN, longitudinal 

optical (LO) phonons couple to free 

carriers, which results in appearance 

of two new basic excitations in the 

system, the so-called coupled phonon-

plasmon modes: LPP-, and LPP+, 

respectively. These modes can be 

detected using Raman spectroscopy. 

In the case of low concentration limit, 

the LPP- mode, very sensitive to carrier concentration, appears very close to the laser line in 

the Raman spectrum, and is very difficult to measure using a single grating spectrometer 

equipped with standard edge razor filters. On the other hand, LPP+ mode position, which is 

easily accessible with standard Raman spectroscopy, is very close to the position of the bare 

LO phonon energy in the undoped material and is sensitive to the strain. Thus, accurate 

determination of carrier concentration, in the concentration limit below 1018 cm-3, is hardly 

possible. 

Here, we show that use of triple grating Raman spectrometer allows observation of Raman 

peaks due to LPP- modes from both, the homoepitaxial layer (this peak appears in the low 

energy part of the spectrum, very close to the laser line), and the highly doped n-type substrate 

(Fig. 1). The proposed method makes it possible to determine the electron concentration in GaN 

layers smaller than 1017 cm-3. Up to this limit, the electron concentrations obtained from Raman 

scattering experiments is in very good agreement with data obtained using capacitance and Hall 

methods. Moreover, our spectrometer, equipped with confocal optics, allows the Raman 

excitations related to the layer to be spatially distinguished from those associated with bulk 

substrate. 
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Fig. 1 The Raman spectrum of 5 µm thick homoepitaxial layer grown 

on the bulk GaN substrate. In the low energy part of the spectrum, 

LPP- mode corresponding to electron concentration n=3·1017cm-3 in 

the thin GaN layer is present, together with E2 (low) phonon mode. 

High energy part of the spectrum is dominated by LPP- mode from the 

highly doped GaN substrate ( n=7,5·1018cm-3 ). 

 


