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The rapid development of GaN-based devices has initiated numerous new, innovative applications in semiconductor lighting, optical storage and high temperature electronics. Despite this progress the theoretical and experimental understanding of many fundamental properties in this materials system is still relatively incomplete. For example, in wurtzite InGaN/GaN heterostructures, large internal fields exist due to strain-induced piezoelectric fields and differences in the spontaneous polarization. These internal fields have been discussed in many theoretical and experimental publications, but reliable values for these fields are still lacking and their impact on light emitting devices is still debated. 

We have performed electroabsorption experiments on wurtzite InGaN/GaN quantum wells embedded in the intrinsic region of GaN heterostructure p-i-n diodes. The field-induced absorption changes as well as the field dependent absorption spectra have been measured for various samples with a InGaN quantum well thickness ranging from 4nm to 20nm. In all cases the electroabsorption spectra are similar and reflect the absorption behavior expected for bulk semiconductors indicating that the carrier-confinement in the InGaN layers is relatively weak. No pronounced excitonic features are observable even if the strong internal polarization fields are compensated by an external bias. Therefore, the Franz-Keldysh effect is more suitable to describe the absorption behavior of the heterostructures than the Quantum-Confined-Stark effect. The electroabsorption technique enables a quantitative analysis of the absorption spectra and absorption changes in the InGaN layers. Field-induced absorption changes as large as 7000cm-1 below and almost 20000cm-1 above the band edge have been found. The absorption changes are clearly resolvable at room temperature even in diodes containing only a single narrow quantum well.

The analysis of the electroabsorption data allows a precise determination of the strong internal fields, originating from strain-induced polarization and differences in the spontaneous polarization. The basic idea of this method is to determine the applied reverse voltage that is necessary to compensate the internal field within the InGaN layer. From this, and supplemental measurements of the space charge layer, we are able to determine the magnitude of the strong piezoelectric field with high accuracy on functioning heterojunction diodes. The measured fields vary between 1.1 MV/cm and 1.4 MV/cm, with the In-content in the InGaN-layer ranging from approximately 7 % to 9 %. 
















