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Introduction to LPCVD and PECVD

Objective: The objective of this lab is to learn about the low pressure chemical vapor deposition (LPCVD) and plasma enhanced chemical vapor deposition (PECVD) processes. The students will be shown how to operate a LPCVD system (loading samples, creating and running recipes). The operation of a PECVD system will also be demonstrated. The differences between the two processes will be discussed. Amorphous silicon will be grown using the two processes, heat treated and characterized.
Background: Chemical vapor deposition (CVD) is a chemical process used for depositing various types of materials on a variety of substrates. Materials can be deposited in many crystalline forms (single crystal, polycrystalline, amorphous, expitaxial) using this technique. In the recent years, CVD processes have been used for depositing various types of nano-strutuctures such as nanowires, nanoribbons and nanotubes of different material systems. 
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In the process, the substrate is exposed to one or more chemical reactants in their gaseous phase, which react and/or decompose on the substrate surface, producing the desired deposited material. The reactants can either be gases, or they can be vapors from a volatile precursor. The temperature of the substrate and the pressure of the process chamber are two key parameters that can be used to optimize properties such as quality, uniformity and crystal structure of the deposited material. 
Some examples of CVD deposition by decomposition of a single reactant are given below:
SiH4 (g) → Si (s)substrate + 2H2 (g)

Si(OC2H5)4 → SiO2 (s) substrate + hydrocarbon byproducts

Some examples of CVD deposition by reaction between two or more reactants are given below:

SiCl4 (g) + 2H2 (g) → Si (s)substrate + 4HCl (g)

SiH4 (g) + O2 (g) → SiO2 (s)substrate + 2H2 (g)

3SiH4 (g) + 4NH3 (g) → Si3N4 (s)substrate + 12H2 (g)
A common problem which adversely affects the quality of materials deposited using the CVD process occurs when reactants decompose and/or react while they are in the gaseous phase, instead of such reactions occurring on the surface of the substrate.  Unwanted gas phase reactions typically result in the formation of fine particles, which are then deposited randomly on the surface affecting the uniformity, quality, and crystal structure of the deposited materials. In addition, these particles can also obstruct the gas inlets and the exhaust lines of the system and contaminate the reaction chamber. 
Unwanted gas phase reactions can be easily minimized by carrying out the process at pressures less than atmosphere, typically in the range of a few Torr to a few mTorr and is referred to as Low Pressure Chemical Vapor Deposition (LPCVD). By reducing the pressure, the concentration of the reactants in the gas phase is reduced, resulting in a smaller possibility for gas phase reactions. The temperature also needs to be optimized for the LPCVD process to further reduce gas phase reactions. An advantage of the LPCVD process is that it allows better control of the crystal structure of the deposited material. However, due to the lower pressure and lower concentration of reactants in the chamber, the reaction/deposition rate that can be achieved in LPCVD processes is much lower than for CVD processes.

Plasma Enhanced Chemical Vapor Deposition (PECVD) is a technique used to deposit high quality materials at lower substrate temperatures when compared to a conventional CVD process. In this process, plasma, an energized gas mixture consisting of radicals, ions, neutral atoms and other excited species, react with each other at much lower substrate temperatures than in conventional CVD to deposit materials. PECVD processes are often used to deposit materials on temperature-sensitive surfaces. The pressure in most PECVD process is in the range of few Torr to a few mTorr. However, due to the reactive species involved in the process, the deposition rate in PECVD is many times faster than in LPCVD process. 
Training Necessary: Safety training
Experiments: The lab will be divided into three parts over two lab sessions. In the first lab session, students will prepare sample using LPCVD and PECVD processes. They will do subsequent processing and characterization on the sample during the second lab session.

Lab session 1: The first lab session will be divided into two parts. In the first part of the lab, students will learn about the LPCVD process. The students will learn the various components of the Atomate LPCVD system and their functions. The various safety features of the tool will also be highlighted. Take good notes. Next, the students will observe the Atomate Workbench Software which controls the system and learn how to create new recipes. Amorphous silicon will be deposited using the system. Record the recipe used and include it in other lab report. 
In the second part of the lab, the students will learn about the PECVD process. The operation of the AMAT Cluster PECVD system will be demonstrated. Amorphous silicon will be deposited using the PECVD system. The students will record the recipe used in the lab report to include in their lab report.
Lab session 2: The third part of the lab, the students will use Rapid Thermal Anneal (RTA) to modify the crystal structure of the amorphous silicon films. The operation of the RTA furnace will be demonstrated and the advantages of RTA over conventional furnace annealing will be discussed. Finally, the samples will be characterized using Raman Spectroscopy to identify changes in crystal structure. 
Questions: 
1. How is CVD different from PVD ? (2)
2. Why does LPCVD produce better quality materials than CVD ? (1)
3. What is the advantage of having a multi-zone furnace used on a LPCVD system instead of a single-zone furnace ? (2)
4. List three safety feature on the LPCVD system. (3)
5. What is a plasma?  How is a plasma created in the PECVD system? (1 + 2)
6. List two advantages of PECVD over a conventional CVD process. (2) 

7.   List a few applications of RTA for materials grown using CVD processes. (2)
Figure I: Atomate LPCVD system





Figure II: AMAT cluster PECVD system
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