On the physics of optical in-situ monitoring of MOVPE growth processes for state-of-the-art III-Nitride devices 

E. Steimetza*, F. Brunnerb, T. Schenka, T. Trepka, and J.-T. Zettlera 
a LayTec GmbH, Helmholtzstr. 13-14, D-10587 Berlin, Germany

b Ferdinand-Braun-Institut für Höchstfrequenztechnik, Gustav-Kirchhoff-Str. 4, 

D-12489 Berlin, Germany, *e-mail: steimetz@laytec.de
Optical in-situ sensors have become a must for process development and process control of III-Nitride semiconductor heteroepitaxy in state-of-the-art MOCVD systems. With the latest generation of sensors, combining multiple-wavelength reflectance with wafer temperature and wafer bowing measurements, one has now a real-time access to the complete set of critical nitride growth parameters: Wafer temperature is measured directly, which affects material quality, composition of ternary compounds and evolving film stress. Growth rate, composition and surface morphology can be determined from in-situ reflectance and finally growth uniformity and yield can be enhanced by real-time access to wafer bowing.

While the instrumentation became available recently even for large and complex production MOVPE systems like planetaryTM reactors, the accurate interpretation of some of the resulting comprehensive measurement data still needs more detailed physical understanding of both the growth process and the sensor physics. In this paper we will report on straight forward measurement of growth rates and wafer temperature as well as on recent results in analyzing the more complex contribution of InGaN and AlGaN composition to wafer bowing and reflectance data.

First, in Fig. 1 the full set of data is shown for an LED run on sapphire wafers in a Aix 2600G3 11x2” reactor. For every single wafer the 950nm reflectance, the 400nm reflectance, the wafer temperature and the wafer bowing have been monitored. 

At the 950nm reflectance wavelength the GaN buffer is fully transparent and hence the growth rate of all layers (except the quantum well region) can be determined. At the 400nm reflectance wavelength the GaN buffer is opaque and the refractive index contrast between InGaN and GaN is large. In consequence, with this smaller wavelength the quantum well structure can be clearly resolved and process deviations regarding InGaN composition, InGaN surface morphology and growth rate can be analyzed quantitatively. The wafer temperature, measured by the integrated 950nm pyrometer and emissivity corrected by the 950nm reflectance, has been determined with an accuracy better than 1K. Real effects to the wafer temperature due to changing gas-foil rotation frequency or ceiling cooling gas mixture have been distinguished from only apparent temperature effects due to the light-pipe measured ‘process temperature’ of the reactor. Finally, the measured wafer bowing turned out to be an essential tool for yield enhancement. We will demonstrate that during InGaN MQW growth a wafer bowing of less than 10km-1 has to be reached for optimum results in production lines.

Fig. 2 gives detailed comparison between measured data and the numerical simulation of the 400nm reflectance during InGaN-GaN quantum well growth. According to our analysis a significant contribution of surface morphology explains why simple composition fitting (refractive index interpolation between InN and GaN including strain corrections) is not sufficient for understanding these data.

In Fig. 3 the different slopes in the wafer bowing signal are shown for different Al content in AlGaN. We will demonstrate that for quantitative measurement of the Al composition by this type of data the small but measurable strain in the GaN buffer beneath has to be taken into account.

Оборудование для оптических in-situ измерений, доступное теперь в том числе и для больших сложных реакторов, например, планетарных, является абсолютно необходимым для разработки и контроля технологических процессов в современных III-N MOCVD системах. В то же время, интерпретация результатов in-situ измерений все еще нуждается в более детальном понимании физики ростовых и измерительных процессов. В работе обсуждаются и анализируются результаты in-situ измерений оптического отражения растущей светодиодной структуры на длине волны 950 нм (измерение скорости роста всех слоев, кроме InGaN QW) и 400 нм (измерение особенностей роста InGaN QW), эмиссионно-корректированных измерений температуры (точность 1K) и измерений изгиба растущей структуры.
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	Fig. 1: GaN/AlGaN/InGaN LED run in a 11x2” 2600G3 reactor: The data is given with the 950nm reflectance, the 400nm reflectance, the wafer temperature and the wafer bowing.
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	Fig.2: Measurement and simulation of 400nm reflectance during InGaN MQW growth.
	Fig.3: Measurement and simulation of wafer bowing due to different AlGaN compositions.


























